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ABSTRACT

Thfis report documents the use of a ship motions prediction applica-
tions manager ('PREDICT) for use on a personal computer. PREDICT
can generate both frequency and time domain output from a single ship
input file. Hardcopy time history plots are also available. This report
provides expla&nations of menu choices and examples of typical usage. The
prediction programs used by PREDICT. the Standard Ship Motion Pro-
gram (SMP), Simulation Time History Program (STH) and Access Time
History Program (ACTH). are fully documented in the given references.
This report also documents the personal computer version of the Standard
Ship Motion Program (SMPg3-PC).

SADMINISTRATIVE INFORMATION

This investigation was sponsored by the Naval Undersea Warfare Center, New Lon-I don Laboratory. under Program Element 63553. The work was performed at the Naval

Surface WVarfare Center, Carderock Division, during FY1993 under work unit numbe-r

1-1541-S02. The DN number is DN50?204.

I INTRODUCTION

The report describes a personal computer-based ship motion prediction applica-

tions manager. PREDICT. which provides both frequency and time domain predic-

tions. PREDICT use., two sub-application managers to run the Standard Ship Motion

I Irogramn(S%1IP93-)PC)` 2. the Simulation Time History Program(STH)3 , and the Ac-

cess Time History Progranm(ACTII)' that mak, motion predictions. PREDICT also

provides utilities to create, and edit input files, and to view and plot output fileF.

The Standard Ship .Mlont, l'rogram (SMP) is a frequency domain motion prediction

program. It calculate: tranJat iounlt and angular ship responses in irregular seas for a

range of ship heading,. ship speed,. anid modal wave periods at specific wave heights.

The Staiudard Ship Motion lPrograun uee, Salvesen, Tuck, and Faltinsen strip th(bor',ý4

without end effect termsIi leave., pitch. and surge are linear with respect to wave

I, • height. h(ol., sway. aid %-aw are no-i-ll umear with respect to wave height and use aln

iterativu calculation lpro(,v.dur' with roll angle-dependent viscous damping. In this

I
I



I

report, references to a specific SMP version will have the year attached, e.g. SMP84, I
whereas references to aspects common to all versions will be just SMP.

Both STH and ACTH are time domain motion prediction programs. The Simulation I
Time History program uses the SNIP origin transfer function file to calculate ship time

histories at the origin. The Access Time History program uses the origin time histories I
to generate time histories for any point on the ship. The time domain preserves the

phase relation between motions which is lost in the frequency domain. As time goes to I
infinity, the time domain statistical values approach the frequency domain results.

Rather than repeating documentation for SMP, STH, and ACTH, this report deals I
exclusively with the PREDICT application managers, their menu choices, and organi-

zation. References 1. 2. and 3 deal with the theory behind SNIP. STH, and ACTIL. Aln

example run is provided to show the typical path from SNIP input file to ACTH time

history output files. 3
Appendix A documents the main changes to SMP84 for the personal computer

version of the Standard Ship Motion Program (SMP93-PC). Appendix B provides an

overview of the applicetions managers in terms of directory structure and file location

and function. Appendix C describes the ship specific input file for STH applications 3
manager (STHAM). Appendix D is a listing of the source code for SMP93-PC.

This manual uses various typefaces to highlight important points and the relation- I
ships between sections. The typewriter font simulates a personal computer font and

indicates DOS file and directory names, as weli as, what the user sees on the screen, I
e.g. EB52G8.HPL. The bold face indicates manual section names, e.g. INTRODUC-

TION. The italic face indicates an important concept and, in file names, designates; a 3
wild card or variable. Main program lianies are in capital letters, e.g. SMIPLDIT.

PREDICT OVERVIEWV

PIZEDICT has three main hraricties frequency donaiin. time domain, and data 3
plotting, PREDICT uses SM J93-1)(" to make frequency domain predictions. Taking

the frcquencv domain ship rcsJ)oý.(, transfer functions, the user with PREDICT runs

ST '1 and ACT1t to. make time domain ship motiojn predictions. Figure 1 shows thi

organzatLional structure and ;which prograiis are a,,sociated with which branch. U
2Uorga izatorla strctur
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PREDICT uses three s ub- applications managers to run the three branches. Thet

frequency domalin sub-appli cations iilauager is SM\PAM and it runs SNMPMALN.EXE

which handles the mienus described in SNIP APPLICATIONS MANAGER, page 3.1

The time doma-in sub-appli cations manager is sTIIAMx and it runas STHMIAIN.EXE.

STH APPLICATIONS MANAGER, page 16, describes the Tm=n choices asso-I

ciated with STHAMI. CLTAMN is the plotting sub- applications manager and it runs

CLTM\AIN.EXE and DLPLOT.EXE. Data Analysis and Plots, page 25, deals with3

the menu choices for CLTAMN.

Beforc running PRLi)ICT, the user should sot up it directorv structure sliml.;r to the3

one described in Appendix B. The user needs to create executable and input directories

anid subdirectories, as wvell as Install the commercial software required. PREDICTI

creates the output subdirectories a-s it needs them. TIhe directories to create are III

Table 1. The user created d~rectories can be niamed any- legal DOS nam-e, though the f
examples ini this manual use the default names. They can be on any' accessible disk

drive. The Important Item is. t hat the execut able directories have thle right files in themi:3

otherwise, PRIED1CT will not, be able to find the programs to run.

Table 1. PRZEDIG I directories t~o create anid their function.

Option Name Name IDescription i
SN\IP ;-rograni path SNIP SNIPANI executablettes aie'l h) subdirectory I

SINIP input pathl SNIPIINPUT SINIP input files.

SN-IP output path S N IIPOUT PT SNIlP ASCII output files.

SNiP1 data path S \I P DATA\ SNIPl binary* output files used bNy STIIANI1.

*STH program path STII STHINIA exe-cutables and] help subdirectory.

I STII data pa~li STII'll l)TA STII output subdirectoi jes anid fl es.

COLLEC'] data p)ath DATA. ACTIIl output suibdirectories and files.

*COLLECT progiamn path C OlC0'(1 ") I CI-YMMI CxCctitabics.
_ _ _ _ _ - _ _ _ ___

Each of the sub)-appl i cat ion s nialiagers has a data file which contains the directory

paths for- the different input itnd output. These files arc: SINI1PSYS.TEX. STIISYS.TEX,

an(! CLTSYS.TEX.\ The options, for these( filICS ar(- explained under the SMIP and! STII

descriptions. Though files can be changed from within PREDICT, inis-defining the- run3

43
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B paths will cause PREDICT not to run. Appendix B describes in more detail the file

dire,.tory structure and file locations.

I The only input needed to start is an acceptable SMP93-PC input file. It should be

located in a subdirectory of the SMP input directory. This subdirectory is referred to

as a Ship Type when selecting input files, because typically ships of a given type are

grouped together.

The input filc name comprises a root, variant, cycle number, and an extension of INP.

For example, DD965H6.INP is a representative input file of the DD963 class destroyer.

The root is the main file designation and is typically the ship class and number, in this

case, DD965. It has a maximum of five characters. The variant is a single letter that

serves to distinguish major changes to a ship input file, e.g. different draft or ioading

conditions. The cycle number indicates the number of runs made with a particular

5 input file. The example, DD965H6 . IN•P has DD965 as a root, H as a variant, 6 as the

cycle number, and an extension of INP.

U PREDICT names and creates all the output subdrectories automatically. Output

file and directory names are based on the SNIP input file name. SMP output files are

3 split bet ween output and data directories. In the output directory. there are Ship Type

subclrectories and files have the root, variant and cycle of the input file. In the data

3 directoiy, ,ue files keep just the root and variant and are put in subdirectories named

aftcr the input, file root. The STH output files are put in subdirectories that have

5 SO added to the root and variant, e.g. SCDD965H. The ACTH output files are put in

subdirectories that have SP added to the root and variant, e.g. SPDD965H.

U The example, page 28. details the piocess for generating frequency domain predic-

tions. theni time donmaii pr.(dlctions, and finally plottinig tie data. It uses the default

3 directory structure and assumes knowledge of it.

SNIP APPLICATIONS MANAGER

The SM P Applications Nlanagei (SNI PA N) provides utilities that make running

I SMIP and generating origin tranisfer functioin files ea-siei. These utilities allow the selec-

tioli of a shiip input file. edlitilng ei v;e\"ing the input file, preliminarY checking of the

I



input file via a hydrostatics check and offset plots, running SMP, and viewing output

files. There is also online help on the use of SMPAM.

-SMPAM MAIN MENU OPTIONS

This section describes the main menu options of the SMP Appiications Manager i
(SMPAM). Details of SMP input format and theory is in References 1 and 2. See

Table 2 for a listing and brief description of the main menu selections. 3
Table 2 SMP Applications Manager main menu options and description 11

Number Selection Description

1 HELP Online help for SNIP Applications Manager.
See Figure 2 for HELP options.

2 SMP System Specification Sets default paths and directories for locat-I
ing data for SNIP runs.

3 Change SNIP data path Changes SNIP input path without exercising

selection 2.

Change ship iChanges ship directorv. variant, and cycle
I without exercising selection 2.

5 View SNIP runlog file Pages through SNIP runlog file,

SKPLOG .TEX.

6 View- SIP output file kUses NortonTM Editors to view SNIP output
', files.

7 View ship h\'drostatics P|ages through h3 drostatic calculations. It is
necessary to run SMIP first.

8 Hull plot Plots the offsets or waterplane of the current
Ship. It is necessary to run SNIP first.

9 View/Edit S., 1 ' inpi,, Pages through input file or edits SNIP input

fiMrs using SMPEDIT. 3
10 Run SMIP i uns SNIP and saves selected output.

11 Polar Plots Generates polar and density plots.

12 Quit Lnds program;

returns control to PREDICT. 5
U
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I HELP

HELP describes the various SMIPAMI main mena options. The HELP subrnenu, seeI Figure 2, Is almost'exactly like the SMPAM main menu it describes. This feature is

3 similar to this manual, though it touches on slightly different aspects, e.g. running SMNP

in background, and lacks the overview of this manual.

SMP HELP MENU

* HELP TOPICS

1. Overview 7. View Ship hydrostatics
2. SMP systen specification 8. Hull plot
3.Change SMP data pat~h 9. Edit SMP input

4. Change ship 10. Run SMP
5. View SMP Runlog file 11. Polar plots
6. View SMP Input/output files 12. Exit HELP menu

Enter HELP topic number 7 12

I Fig. 2. SMP applications manager HLLP menu.

I SNIP System Specifications

3 The systemi specifications opt ion can create, xvie%%, or modify the paths and di-

iectory specifications foi SNI H)ipti!~i and out~put. These specifications are In the file.

SMPSYS .TEX. and COUldl bv created. % iwcd. or modified outside PREI)ICT.

This opt ion has two sluliniciiii 1 lir first specifies the actioi, to take on the sys-

teimi specl .ifications: eithecr civate. () . (ify Choing Exit at this point returns

1l 1? EI1) WT t r the SMPlAN1 ni;mjj irn'nu (lioosujng Create steps through all the specifi.

5cations one at a timec. iskii:~ the in%tr t( enter the appropriate p)athl or directory. Whlen

complllete. the data arc wrii tevi t(, SMP\SMPSYS -TEX.

5 ~ ~Choosing to View tire skvsteru1 slmcifiicat ion s sliniiply writes thern to thle screen and

dIoes n1ol clhange t hemi.

3 ('ioosi ng to Modify the systemi specificationsý allows the user to change just the-



specifications desired. The most typical changes, the SMP data path and ship variables, I
have their own options on the SMPAM main menu to make their use easier (Table 2).

See Table 3 for a listing of the system specification options and a brief description. U
Table 3. List and description of '-MP system specifications menu. I

Number Selection I Description 3
1 Help On-line help to explain menu options.

2 HaloTM program path Location of HaloTM program files.

3 Halo TM graphics screen driver Screen driver identifier.

4 HaloTM printer driver Printer driver identifier.

5 SNIP program path Location of SMPAM executables. ,

6 SNIP input path Location of SNIP input files.

7 SMP output path Directory of SMP ASCII output.

8 SNIP data path Directory of SMP binary output.

9 Ship type Subdirectory of SNMP input directory.

10 Current ship Root of ship name.

11 Variant Denotes changes in hull geometry (A-Z). -

12 Cycle Number of SNIP runs made with this variant.

13 Title Default value is first line from current SNIP
input file.

1,1 Option SNIP run option.

15 Exit this menu Returns to first system specification menu.

Appendix B explains the directory tree structure ard file naming conventions used 3
by PREDICT, SMPAM. and STIIAM. It is best to read this appendix and understand

the system specifications before making any changes to them. 3
'rhF, specification option. Ship Type. assumes that ships of a single type are put in

the same directory. W\hile this makes sense, it is not mandatory. It is also possible to 3
specify a ship which does not exist, in which case very few options will work, though

PREDICT will not stop running.

Changing the Title of Option here does not change the SNIP input file. U
I
I
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I Change SMP data path

The user can change the SNIP binary output data location directly using this option,

avoiding the menus'associated with SMPAM main menu option 2.

The program displays the current path and asks the user if a change is desired. If
so, the user enters the complete new path, starting at the root directory. If the path

is correct as stated, the user enters N, indicating no further changes, and the program

returns to the SMPAM main menu.

3 Change ship

Here, the iser can choose from a list of available SMP input files, rather than having

to remember them once running under PREDICT. The first step is to select the proper

subdirectory from the directory specified in the SMP data path. The user enters the

number of the desired subdirectory. Entering an A will accept the current highlighted

choice.

hiThe second step is to select the ship input file from that subdirectory. Again the

user enters the number of the desired file or an A to accept the current choice. Only files

with an INP extension are listed. An incorrect choice will result in an error warning

and another chance to answer correctly.

View SMP runlog

I This option pages through the SNIP runlog file on the terminal screen. The SNIP

runlog file keeps track of the runs made with different variants, and displays the variant.

I cycle, title and comment front SNIP93-PC input file. The run log file has the name Root

Variant.TLT in directory SMPOUTPT\Ship Type. e.g. SMPOUTPT\DESTROYR\DD965H .TLT.

View SMP output. files

Under this option, it is only possible to view the files, not make or save any changes.

The two selections on tie submcnu arc shown in Table 4. PREDICT uses NortonTM

3 Editor to view the output file. Once in NortonT Editor, the standard Editor commands

are valid though it is still not Tpossilblc to save changes.

I
I



Table 4. View SMP output files sub-menu choices and descriptions.

Number Selection Description I
1 View SMP output Uses BAT file to open NortonTM Editor, no

file using NortonTM changes are saved.

Editor

2 Exit Returns to SMPAM main menu.

View ship hydrostatics 3
This option pages through SMP bydrostatic data on the screen. See Figure 3, for an

example of the first screen of data. The hydrostatic data include length, beam, draft, 3
displacement, vertical and/or longitudinal centers of gravity, buoyancy, and flotation,

various coefficients, and appendage data. It is necessary to have already run SMP for 3
the current ship to use this option without an error message. The hydrostatic data file

is HSTAT. TEX in directory SMPOUTPT\Ship Type, e.g. SMPOUTPT\DESTROYR\HSTAT. TEX. 3
DD965 SPIP STABILIZATION STUDY A"MORED TRIMMED .RS STAB 9/23/88 3

TABLE OF SHIP PARTICULARS

SHIP CHARACTERISTICS - I

SHIP LENGTH (LPP) 529.00 FEET LENGTH/BEAM 9.636

BEAM AT MIDSHIPS 54.90 FEET BEAM/DRAFT 2.700
DRAFT AT MIDSHIPS 20.33 FEET DRAFT/BEAM 0.370
DISPLACEMENT (S.W.) 8282.1 L. TONS DISPL/(.01LPP)**3 55.946

DESIGN SHIP SPEED 20.00 KNOTS FROUDE NUMBER 0.259

VERTICAL LOCATIONS - I

C. OF GRAVITY (VCG)* 2.84 FEET VCG/BEAM 0.052
C. OF GRAVITY (KG)e* 23.17 FEET KG/BEAM 0.422
METACENTRIC HT. (GM) 3.1' FEET GM/BEAM 0.058
METACENTER (KM)** 26.34 FEET KYIBEAM 0.480

C. OF BUOYANCY (Yn)** 12.19 FEET KB/BEAM 0.222

PAUSE. Type 0 to quit. Press any other key to continue. 3

Fig. 3. First screen of SNIP hydrostatics data.

I

10 3
J .. .. . .. . .. . . .. . . = . . . .



I

I Hull plot

HULLPLOT plots the offsets of the current ship using HaloTM Professional graphics

package6 . Displays of both body plan and waterplane plots are possible, as well as hard

copies. The user can, to some extent, customize the appearance of the plots using the

HULLPLOT submenu. It is necessary to first run SMP and save the *. HPL file for the

current ship tc use this option. The HPL file is in directory SMPDATA, subdirectory Root,

e.g. SMPDATA\DD965\DD965H6. HPL.

iWhen running HULLPLOT, the user is queried as to whether the computer/printer

is monochrome or color. Answering this question draws the body plan with default

setting on the screen. The default settings result in a solid line plot of the spline fit

without the original offset points shown, and the plot scale equal the maximum draft.

Entering H produces a hard copy; a carriage return brings up the HULLPLOT

submenu, see Figure 4. The selections for this menu are in Table 5.

*
HULL PLOT PROGRAM

3 Current Ship = DD965

3 List of Options

1. HELP 7. Points
2. Change plot scale 8. Enter comment
3. Circle original offsets 9. Spline fit
4. Dont circle original offsets 10. Original data
5. Plot hull, y,z ii. Waterline, y,x
6. Lines 12. Change color mode3 13. QUIT

Enter option 7I
Fig. 4. IIULLPLOT submenu choices.

Plot settings are turned on by choosing that selection and remain in effect until coun-

5 teracted by another option. Settings that are not mutually exclusive can be combined

to produce the desired look.

I
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Table 5. HULLPLOT plot features menu listing and description.

Number] ..Selection L Description ] 3
1 HELP Help feature that explains the HULLPLOT

program.

2 Change plot scale Changes plot size. Value specified is plot
height; the width is autoscaled to avoid scaling

distortion.

3 Circle original offsets Draws circles around original offsets.

4 Don't circle original offsets Removes circles around original offsets. 3
5 Plot hull, y,z Plots body plan using current settings.

6 Lines Uses solid lines for drawing.

7 Points Uses dotted lines for drawing.

8 Enter comment Allows additional comments to be added to
hard copy plots. Plot, already use input file I
title as plot title,

9 Spline fit Plots spline fit of original offsets.

10 Original data Plots lines through original offsets. Using

J Points (7) with this option results in just the
offset data with no lines.i

11 Waterline. \.x Plots ship waterplane.

12 Change color mcde Changes display to and from monochrome toI color.

13 QUIT Returns to SMPAM main menu.

Edit SNIP input

SNIPEDIT is a guided editor for SM.' input files. SMPEDIT ailows users who are

not overly familiar wvith th, lipoil fih. format to make changes whii2 reducing the risk 3
of entering an error. Tht il•imi nivnmi i, v rtually a listing of the Data Card Set names

from Reference 1. i

The process of making change., iV fairly straightforward and demonstrated fully in

the example, page 2S. Tthe iser select!, a Data Card Set to modify. The next submenu 3
is either a listing of the D)ata (Card Set variables to choose from, or a submenu asking

what action is to be taken. i.e.. deleting. creating, or modifying

123
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In the first case, the user simply selects the variable to change and enters the new

value. When through, the user selects EXIT and returns to the SMPEDIT main menu.

I In the second case, the user enters what action to take, typically deleting, creating,

modifying, or exiting. This second type of submenu occurs with hull geometry, ap-3 pendage, point location, and sea state options. A series of questions follow that guide

the user to make the desired changes by displaying the current values and prompting the3 user for new ones. When through, the user selects EXIT and returns to the SMPEDIT

main menu.

Option 15, Edit Annotation, is not an official Data Card Set from Reference 1

or 2. It is additional identifying information added to the SMP93-PC input file and3 echoed in the SNIP runlog. It does not appear in the SMP output and does not affect

computations.

The last option, Write changes to SMP input file and exit, option number

16. requires the user to understand the naming convention using variants and cycies.3 Changes to the input file hull geometry will cause the variant to change, but appendage

changes alone will not change thet variant. The "save" submenu gives two possibilities

for saving the file.

The first choice will always create a new file with a new cycle number. If the variant

I changed. then the new file will also have a n.i•w variant. For example, the modified file,
DD965H6. is saved as either DD965H7 or DD96517, depending if the variant changed.

I The second choice. will overwrite the existing file if the variant did not change. If the

variant did change. the new file will have a different variant but same cycle number. For

Sexample, the modified file. DD96SH6. is saved as, either DD965H6 or DD96516, depending

if the variant changed.

It is important to keep track of which variant and cycle have what modification to

know what is in which subdirector%. The annotation line is useful for this.I
Run SNIP

3 Huns SMP93-PC using the current shpl, and directs output to the proper directories.

The Run SMP menu allows the user to decide which files to keep and which to delete

1
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after running SMP. Not all these files are created for every SMP run. Which files are

generated by SNIP depends on the output options flagged in the Program (Run) Options

line of the SMP input file. Reference 1 and SMPEDIT describe run options and how !

they affect the output. Choosing to save a file does not generate the file if those output

options are not chosen in the SMP input file. The selections simply toggle between yes I
and no. The possible files are listed in Table 6.

Table 6. Description of possible SMP otut files.
Menu choice _ Description Type t Extension 3

Potential file Potential flow velocity potential B POT

Coefficient file Added mass and damping, excitation B COF

Load coefficient file Loads B LCO

Hull plot file * Spline fit of offsets for HULLPLOT A HPL i
Load response operator file Response operators for loads B LRA I
Origin file Ship origin transfer function file B ORG

Response operator file Response amplitude operators B RAO

RMS file Response RMS for unit wave height B R MS

Severe motion file Worst case response and sea conditions B SEV !

Speed polar data file * Response data for speed polar plots B SPD

Speed polar text file * Labels and titles for speed polar plots A SPT

Lateral coefficient file Frequency domain coefficients B LAC
for rudder roll stabilization

Lateral excitation file Frequency domain coefficients B LAE

for rudder roll stabilization
• saving recommended 3
i A=ASCII: B=Binary I

Polar plots

The polar plot routine, POLAREGA, provides two types of plots: a polar plot of

the response and a density plot of the response versus encountered modal period. The

polar plots can either be color filled contours or black and white. It is necessary to

run SMIP and save the SPD and SPT files before attempting polar plots. If PREDICT

14 3
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Scannot find the SPD and SPT files for the current ship, it simply returns to the main

menu.

muLike the rest of PREDICT, POLAREGA is menu driven. Table 7 gives the options

on the polar plot main menu and Table 8 gives the options on the density plot main

3 menu. POLAREGA uses values from the previous plot as default vaiues for the current

plot.

Table 7. Polar plot main menu options.

1 NumberI Selection

1 Select Channel

2 Change Sea Condition
3 Select Magnitude or Period

4 Select Color or Black and White Print

5 Change Scale

O6 Plot Polar Plot

7 Exit!
Table S. Density plot main menu options.

Number Selection

3 [ !Select Channel

2 i Change Scales

3 Change Sea Type

4 j Plot Density

S.5 EExit

A channel is simply a ship respoiise. The ship response iarne is the name used

internally to SNP to identify responses. In that naming convention: displacement is

DSP; velocity is VEL: acceleration is ACC': lateral is LAT; longitudinal is LON: vertical

is VER; reiative motion is RLM, relative velocity is RLV: and points are P1 to P0. So

pitch velocity would be PITVEL and vertical acceleration of point 3 would be VERACCP3.

Ie
3 1.3
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Selecting a response also gives the user a chance to set the wave direction and change

the scales.

The sea condition is a 10 character string, beginning with the Bretschneider desig- I
nation "BR", containing the significant wave height, modal period, and crestedness of

the seas. Again POLAREGA uses the SMP internal representation. The first four dig- I
its are the significant wave height without a decimal place. The next two digits are the

modal period. The last two characters denote either longcrested or shortcrested. For 5
example, BR06191ISC would be a short.crested Bretschneider spectra with a significant

wave height of 6.19 feet and modal period of 11 seconds. Changing the sea condition 3
also gives the user a chance to set the wave direction.

Changing the scale of a polar plot simply determines the maximum and minimum I
contours and the contour increment. On the density plot, changing the scale affects the

v axis only. 3
Choosing between magnitude or period is a choice between plotting the magnitude

or the encountered modal period of the response. Selecting a response also gives the I
user a chance to set the wave direction and change the scales.

Setting the wave direction equal to 0 means the ship's bow is pointed towards I
0 degrees. This is the most common setting. Using a non-zero value is useful for

comparing with full scale trials data where heading has actual geographical significance. I
The speeds for the plot come from the SNIP input file.

To generate a polar plot. step through the options selecting a response, sea condi- I
tion, black and white or color, an(' response or period. There are many opportunities

to change the scale, so it is not alw.'s necessary to do so. POLAREGA reads SNIP- I
SYS.TEX. POLAR.DAT. and DENS:TY.DAT for the path and previous run data.

Quit

Returns user to PREDICT main menu. 3
STH APPLICATIONS MANAGER 5

The Simulation T:me Hlistory Applications Manager (STIIAM) helps the user in

setting up STH and ACTII runs. The options allow the user to set data paths, select 3
16 3
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Uships, create STH and ACTH input files, run STH and ACTH, and plot the time

histories.

STHAM MAIN MENU OPTIONS

3 This section is a brief description of the main menu options and what they do.

Details as to input file formats and program theory are in Reference 3. See Table 9 for

listing of main menu options and a brief description.

3 HELP

HELP gives a description of the general overview of the STH applications manager

and the main menu options. The HELP menu, see Figure 5, is very similar to the

STHAN! main menu and provides the same sort of help as the SMPAM online help.I
STH HELP MENU*

Help Topics

1 1. General Description 9. View ACTH Run Summary
2. Overview 10. Edit ACTH input
3. STH System Specification i1. Run ACTH (Mot/vel/acc at a point)
4. Change STH data path 12. View ACTH ERROR.TEX file
5. Change Ship 12. Data Analysis and Plots (COLLECT)
6. View STH Run Sumnazy 14. Convert ACTH data format
7. Edit STH input (COLLECT bina-y to ASCII)3 8. Run STH 15. Exit HELP menu

Enter HELP topic number ?I
Fig. 5. STlt applications manager HELP menu,

STH System Specifications

The system specifications option creates, views, or modifies the paths and directory

3 specifications for time history input and output. These specifications are in the file,

STHSYS.TEX, and could be created, viewed, or modified outside PREDICT.

3 This option has two submenus. The first specifies the action to take or, the sys-
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Table 9. STH Applications Manager main menu selections and description. 3
Number Selection T Description

1 HELP Online help for STHAM. 3
2 STH System Specifications Sets default paths and directories for locating

data for STH and ACTH runs. 3
3 Change STH data path Changes STH input path without exercising se-

, lection 2.

4 Change Ship Changes ship directory, variant, and cycle with
exercising selection 2.

5 View STH Run Summary Pages through STH run summary file, 3
STHLOG.TEY.

6 Edit STH input Accesses STII input file so user can set pioper a
sea conditions.

7 Run STH Runs STH for current ship and input files.

8 View ACTH Run Summary I Page through ACTH run summary file,

ACTHLOG .TEX.
q Edit ACTII input Accesses ACTI1 input file so user can select

point locations for time histories.

10 Run ACTII Run:; ACTII for current. ship and input flies.

(Mot/vel/acc at a Tloitl

Il View ACTIl Pages through ACTIi run time error file.

ERROlt.TEX fii,

12 Data Plot Plotting routines for hardcopy output of STII
Sand ACTtl time i. stories.

13 Convert A("Iil ,at formiat Converts binary output files to ASCII.

14 QUIT RI Returns to PREDICI main menu. I

is I
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3 tern specifications, either create, view, or modify. Choosing Exit at this point returns

PREDICT to the STHAM main menu. Choosing Create steps through all the specifi-

3 cations one at a time, asking the user to enter the appropriate path or directory. When

complete the data are written to STHSYS.TEX.

I Choosing to View the system specifications simply displays them on the screen and

does not change them.

U Choosing to Modify the system specifications brings up the second submenu, see

Figure 6. Using the second submenu, the user can change just the specification desired.

I The most typical changes, the STH data path and ship variables, can be made more

ea-sily using options 3 and 4 of the STHAM main menu, Table 9. Again Appendix B3 gives a description of the file directory structure and default paths. Table 10 has a

listing and brie" description of the system specification menu options.

Table 10. STH system specifications listing and description.

I Number Option I Description

1 1 Help On-line help to explain menu options.

2 STH program path Location of STHAM executables.
3 STH data path Location of STH output files.

'4 COLLECT program path Location of COLLECT executables.

5_ COLLECT data path Location of ACTH output.iSNIP program pathi Location of SIMPANI executables.

7 SNIP input _ -__th Location of SMP input files.

8 j SNIP data path Location of ship origin transfer function files,
usually the SIP binary output directory.

! Ship tYp, i Subdircctorv of SNIP input directory.

I 10 Current shil, i Root of ship uame.

• Variant bi.notes changes in hull geometry. (A-Z)

, 12 C'cle Number of SNIP runs inadc with this variant.

13 Title Default valu, is first linc from current SNIP3 
-1 _ input file.

S14 Lxil this niu R(eturns to first STH system specification
mnenu.

3 19
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MODIFY STH SYSTEM SPECIFICATIONS

.. List of Options

1. Help I
2. STH PROGRAM PATH-D:\STH
3. STH DATA PATH-D:\STHDATA
4. COLLECT PROGRAM PATH-C:\COLOCT91
5. COLLECT DATA PATH-D:\DATA
6. SMP PROGRAM PATH-D:\SMP
7. SMP INPUT PATH-D:\ALTINPUT
8. SMP DATA PATH-D:\SMPDATA
9. SHIP TYPE-DESTROYR

10. CURRENT SHIP-DD965
S11 VARIANT-H
12. CYCLE-6

13. TITLE-DD965 SPIP STABILIZATION STUDY ARMORED TRIMMED RRS STAB 9/23/88
14. Exit this menu

Enter option ?

Fig. 6. STH system specifications menu.

Change STH data path I
Here the user can only change the drive of the STH data path. The directory name

remains unchanged. The drive and directory name can be changed using STHAM main U
menu option 2, STH Systems Specifications.

Change ship

With this option, the user selects a new ship from a displayed list of available SMP I
origin transfer function files, and STIt input files. First the user can choose from existing

ship time history input files located in STH by entering the new ship's number, or enter

A to accept the current ship.

If the desired ship does not yet have a time history input file, enter N. Whereupon, I
the user selects a Ship Type subdirectorv and ship from the SNIP input directory, in

the manner described for selecting ships with the SMPAM.

2I
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3 View STH Run Summary

g Tbis option displays the STH run summary file, STHLOG.TEX, on the terminal

screen. The STH run summary keeps track of which origin file was used with what

sea conditions, i.e. significant wave height, wave modal period, ship speed and head-

ing. Each ship has its own run summary file located in STRDATA\SORoot Variant, e.g.

-- STHDATA\SODD965H.

Edit STH input

_ STHEDIT allows the user to change the STH input in an orderly fashion that

minimizes input error. STHAM uses two input files: a ship dependent input file that

also has ACTHI data, and a generic input file, STH.INP. STHEDIT updates both these
files. Appendix C describes the ship specific input file. Reference 3, pages 16-20,I describes the STH input file, STH.INP, format fully. Once the user becomes familiar

with the input format, it may be easier and faster to edit the files manually by accepting

1 the current selections and then opting to edit the file using NortonTM Editor later.

STHEDJT presents all the STH relevant data on one screen, and the user changes

i the input by entering the number of the data and its new value, separated by a comma.

The new value should include the decimal point. When finished, the user then selects

I the starting run numbers and may edit the input file to remove unwanted sea condi-

tions. See the example in the STHEDIT, page 37, for information about choosing sea

I conditions, run numbers, and changes to make using NortonTM Editor.

[] Run STH

Huns STII using the current ship origin transfer function file and STH input file.3 Output files SRN.TEX and SRN.DAT. '.;here N is the run number, are written to SORoot

Variant subdirectorv in the directory specified by ST1t DATA path.

View ACTH Run Summary

This option pages the ACTII run summary file. TRIALLOG.TEX, onto the terminal

screen. Tir ACTH run summary keeps track of which sea conditions, i.e. significant

I wave height, wave modal period, ship speed and heading, were used for a run. Each
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ship has its own run summary file located in DATA\SP-oot variant, e.g. DATA\SPDD965H. I
Edit ACTH input I

ACTHEDIT allows the user to change the ACTH input file. STHAM uses two input

files to run ACTH: a ship specific input file that also has STH data, and a generic ACTH

input file, ACT. INP. Appendix C describes the ship specific input file. Reference 3,

pages 22-27, describes the ACTH input file format fully. It is always possible to edit

input files using some other editor, and may be faster and easier once the user is familiar

with the input format. 3
Table 11. ACTHEDIT main menu options and description. 3

Number 1 Option . Description

1 HELP Provides online help about ACTH input file

2 Edit Wave Point Lo- Delete, create, or modify wave point locations.
cations Must specify same locations as STH run, or 3

ACTH will not run.

3 Edit Point Locations Delete, create, or modify points at which to cal-

culate absolute motion.
4 Edit channels Specify responses and points for time history

calculations. 3
5 Select STH Runs Chose STH run, or trial, to use as basis for ACTH

time histories by flagging or unflagging ship and

sea conditions.

6 Select OUTPUT for- Choose between either binary or ASCII output.
mat _ _

7 Exit this menu I Returns to STHAM main menu.

The organization of ACTtlEI)Il is like SMPEDIT. having menus and submenus.

rather than STHEDIT which makes selections from just one list. Table 11 lists the

ACTIJEDIT main menu options.

The subscreens are all fairly similar in that they have submenus that allow the ex-

isting data to be modified oi deleted, or new data added. It is simply a matter of mak-

Ing the desired choice and entering the data. See the example section ACTHEDIT,

22 3
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I page 43, for information about modifying data and selecting STH runs.

Some choices do require some extra explanation:

Wave point lo'cations. STHAM will not allow the user to enter wave point

locations if the selected STH runs do not have wave points. So it necessary to specify
the STH runs with wave points before editing the wave point locations. Also if the

wave points locations are not identical between the STH runs and ACTH input, then

ACTH will not run.

3 Edit Point Locations The actual mechanics of adding, deleting, or modifying

point locations are simple: separate data with commas and include decimal points.3 But changing the point locations here does not update the point location data used

elsewhere. It is necessary to modify the channels selected to make sure they are using

3 the new point locations.

Channel selection. Channel selection involves menus which determine which re-

I sponse is saved in what channel. Only responses with assigned channels are saved in

the output files. A channel is simply a column of numbers with data saved for every

3 time step. A maximum of 16 channels are possible.

The first submenu asks whether to modify, delete, or add a channel. The next3 submenu asks for a channel number to operate on. And the final submenu lists the

possible responses to assign to channels. Table 12 lists the type of responses possible3 and which submenu choice they are associated with. The final selection involves spec-

ifying whether a response is vertical, lateral, or longitudinal; a displacement, velocity.

I acceleration, or force; or is ship-referenced or earth-referenced.

ACTH uses channels and points from the previous run as initia! values and does not

3 update point locations automatically. If these are not appropriate, it is necessary to

either modify the existing channels•, or delete them and add new ones. When adding a

5 new channel, wave height is always the default channel and is then changed by further

selections.

I Select STH runs. STIIAN presents the conditions used to generate the STIt

output files in the specified STII data directory and ship subdirectory automatically.

3 23
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Table 12. Possible response selections.

[ Selection Description I
Wave height origin Wave elevation at origin

Origin motion Six degree of freedom respoase - displacement., ye- I
locitv, and acceleration

Motion at a point Longitudinal, lateral, and vertical displacement,
velocity, and acceleration of a point in Earth ref-
erence frame.

Relative Motion point Longitudinal, lateral, and vertical displacement,
velocity, and acceleration of a point in ship refer-
ence frame.

Wave height at a Point Wave elevation at, a point.

Forces at a point Longitudinal, lateral, and vertical forces at a point
in Earth or ship reference frame.

Thus, the user can only flag or unflag the choices in this matrix; it is not possible to

increase the matrix of conditions here. If the desired condition does not exist among

the list of choices, either specify a new STH data directory and ship subdirectory. or 3
make a STH run for the desired conditions.

Run ACTH (Mot/vel/acc at a point) I
Calculates motion at a point time histories by running ACTH using Lhe current ship

origin time history files and ACTII input file. W%.rites output files, DRN.TEX, DRN.ASC,

DRN. INT. DRN.CON. where N is the ruii number, into the COLLECT data path directory

and ship subdirectorv. e.g. DATA\SPDD965H.

View ACTH ERROR.TEX file 3
Displays file, ERROR.TEX. to the ,crrecn. ERROR.TEX contains any error messages

written while running ACTlI. If ACTII ran without error. ERROR.TEX has the message: I
All STH runs were successfully completed.

2
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I Data Analysis and Plots

The Data Analysis and Plots option plots the ACTH time history data. The current

Smaximum amount 6f data that can be plotted is 16 channels at 3 ;amples per second

5 for 20 minutes.

The first submenu, titled Datalog data analysis and plotting, has options to

select the data path and run to plot. Table 13 lists the menu options.

Table 13. Datalog data analysis and plotting menu options.

Number Option Description

1 Computer system Modify COMPSYS.TEX
I ._specification

2 Change DATA Changes drive of DATA directory.
Analvsis drive

3 Change TRIAL Select new TRIAL subdirectory.

Get new run Select new run from current DATA analysis path.

q Plot data I Continues with plotting menu.

U Changes to COMPSYS.TEX COMPSYS.TEX has path and file data for CLT-

MAIN, the way SMPSYS.TEX has data for SNIPMAIN. See Figure 7 for an example

COMPSYS.TEX file. PREDICT only uses CLTMAIN for plotting and most of the data in

COMPSYS.TEX is extraneous for plotting purposes. Table 14 lists and briefly describes

the lines pertinent for plotting.

Data path variables Options 2 - 4 work like the SMPAM and STHAM data

path related options. except some of the terminology in new. TRIAL refers to the sub-

5 directory names in DATA. the (irectory specified by COLLECT data path. Their names

have the forrmi SPRoot Variavt alld are analogous to the subdirectories in STHDATA. A

I run refers to the set of sea conditions used when calculating the time history data. Run

numbers are assigned to sei conditions in the same order as the in the ACTII input

5 file.

Datalog plotting This menu has the details for determining the look of the time

I history plots. Here the user selects the channels and scales to use for the plots. It is also

1 25
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Table 14. COMPSYS..TEX lines used by PREDICT.

Number Option Description

1 HELP On-line help to explain menu options.

4 HaloTM program path Location of HaloTM files.

5 Halo TM graphics screen driver Screen driver identifier.
6 HaloTM printer driver Printer driver identifier.

7 COLLECT program path Location of CLTAM executaoles.

9 DATA analysis path Directory of ACTH output.

19 Current run path Directory of current run data.

20 Current run Number of run currently plotting.

25 Exit Returns to previous menu.

BOOTUP DRIVE-C 3
RAM DRIVE-C
HALO PROGRAM PATH-C:\HPROFOR
HALO GRAPHICS SCREEN DRIVER-IBME
HALO PRINTER DRIVER-LJTP
COLLECT PROGRAM PATH-C:\COLOCT91
DATA COLLECT PATH-C:\DATA\CUS78801
DATA ANALYSIS PATH-D:\DATA\SPDD965A
DATA COLLECT OPTION=REPLAY
DATA COLLECT BACKUP PATH-NO DATA COLLECT BACKUP PATH
AUTOMIX OPTION-NO 3
AUTOMIX NUMBER-1
TRIAL TITLE-T-AGOS 19 3 DAY SHAKEDOWN TRIP NORFOLK
CURRENT TRIAL NAME-CUS78801 3
COMPUTER IDENTIFICATION-B
TRIAL SUBDIRECTORY SEQ NO-2
NIGHT COLOR-NO
CURRENT RUN PATH-D:\DATA\SPDD965A
CURRENT RUN-3

COMPUTER-COLLECT
COMI -NONE

COM2-NONE

USE EMS-YES

Fig. 7. COMPSYS.TEX example file.

26



possible to look at the actual data in a text format. Table 15 lists and briefly describes

the menu options.I Changing the Y-scale requires some further explanatior. DLPLOT uses either de-

fault values of one, or the previous Y ranges for the current plot. There are thrce scaling

options when changing the Y scale. Entering a single N autoscales all the channels. En-

tering a N, channel number, e.g. N1, 3, autoscales just that channel. To manually scale a

channel, enter channel number, mazimum V value, minimum y value, y inrrement, e.g.

2, 3.0, -2.0, 1.. Remember to separate data by commas and include the decimal

point. Entering a zero exits this option.

Table 15. Datalog plotting submenu options.

Number Option Description

1 HELP Online help about DATALOG plotting.

2 .Get run Choose different run number from current DATA
_ _analysis path.1 1

3 Edit channels Change channels to plot

(6 maximum for QPLOT).

4 Graph type Change type of graph.

5 Change Y scale Overrides default scaling values for N axis.

6 -Change X increment Changes x axis tic mark increment.I. -I
7 Time Changes starting and stopping time of plot.

8 i Plot data Plots data to screen.

9 Display data Pages through the digital time history data for
the selected channels.

101 Display text ftilt Pages through run log and minimum analysis of
current run.

II Exit. Bet urns to Data Analysis and Plotting
_. Menu.

Convert ACTH data format (binary to ASCII)

Convertsý ACTH timre history d(ata from a binary format to an ASCII format for

more general use. Reference 3, pages 2S - 29, describes both the binary and ASCII file
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formats.

SQuit I
Returns control to PREDICT main menu. U

EXAMPLE PREDICT RUN

This section is a start to finish example of using PREDICT to generate motion at I
a point time histories from a SMP93-PC input file. Reference 3, pages 30-33, has an

example of running STH and ACTH not using the application manager. U
This example assumes the existence of the SMP93-PC input file. References 1 and 2

detail the correct SMP input file format. The system specifications are set to the default I
values given in Appendix B. The figures are the actual screens from the run. The user

is encouraged to use this section as a tutorial and follow along on their computer. To I
select an option, type thai opt:on's number at the prompt and press the RETURN key.

EXAMPLE PROBLEM STATEMAENT

The example generates motion-at-a-point time histories using an existing destroyer 3
input file by running SNIP, STH. and ACTH. The input file is DD965H6. INP and will be

in subdirectory ALTINPUT\DESTROYR. We want motion-at-a-point time histories of a 3
boom tip in two sea conditions. The boom tip location is station 20.1, 15 feet starboard

of centerline, and 40 feet up from the baseline. 3
The two sea conditions are: 20 knots, head seas (0 degrees), 6.2-foot significant

wave height, and 9-second modal period: and 10 knots, beam seas (90 degrees), 6.2- 1
foot significant wave height. and 7-second modal period. The response to plot is the

vertical acceleration of the boom tip. I

PRE-RUN SET UP 5
The first step is create a properly formatted SNIP input file before running PRE-

DICT. If the input file is not correctly formatted, PREDICT will return to the DOS 3
prompt when the user tries to run SNIP or edit the file. The file name should follow the

specifications in NAMING CONVENTIONS, page 5, and have the INP extension, 3
28 3
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I otherwise PREDICT will not be able to find the file. Secondly, the user needs to know

the directory where the input file is located so the path can be specified correctly. For

I the example, the input file, DD965H6. INP, will be in subdirectory ALTINPUT\DESTROYR.

RUNNING SMP

Having set up the input file and directory, the user types: PREDICT at the DOS

I prompt. The user sees Figure 8 on the screen, and enters a 1 to select Run SMP

Application Manager.

PREDICTION PROGRAMS MANAGERI
List of Options

1 1. Standard Ship Motion Program
2. Simulation Time History Program
3. Dlplot1 4. EXIT

Enter Option ?I
Fig. 8. PREDICT main menu.

The SNIP Application Manager (SMPAM) main menu, Figure 9, is the next screen.

Before instantly choosing option 10 and running SNIP, the user needs to make sure the

desired ship is the current one and the SNIP input file has the correct loading, speeds,

I and appendages.

Setting current ship

If the input path were the default one. SMPIIIPUT, it would be possible to select

I option 4. Change ship and select the desired ship; however, this is not tile case. The

input file is in ALTINPUT\DESTROYR. so the input path is ALTINPUT. Instead of option 4.

the user should choose option 2. SMP system specification. and then select option

3, Figure 10, to modify the system specifications. Details of SNIP system specification

are found in online help or in Appendix B.
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SMP APPLICATIONS MANAGFR

Current Ship + Variant - CVN68A I

List of options I

1. HELP 7. View ship hydrostatics 3
2. SMP System Specification 8. Hull plot
3. Change SMP data path 9. View/Edit SMP input file
4. Change ship i0. Run SMP
5. View SMP Runlog file ii. Polar plots
6. View SMP Output file 12. QUIT

Enter Option ? 2 I

Fig. 9. SMP application manager main menu.

I
I

SMP SYSTEM SPECIFICATIONS I
List of Optiuns,

1. Create (specifications)
2. View (specifications)
3. Modify (specifications)
4. Exit this menu

Enter Option ? 3

Fig. 10. SMI' sPsterns specifications menu. 3

I
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The pertinent specifications to input path and current ship are: SMP input path,

ship type, current ship, variant, and cycle. Here the user types the option number to

change and enters the new values. The SMP input path is ALTINPUT; the ship type is

the subdirectory DESTROYR; the current ship is DD965; the variant is H; and the cycle

is 6. Figure 11 show the menu before any changes. Once all the changes are complete,

Figure 12, the user enters 15 and then 4 to return to SMPAM main menu.

MODIFY SMP SYSTEM SPECIFICATIONS

Note that path changes require starting

from the drive letter and root directory

List of Options

1. Help
2 HALO PROGRAM PATH-C:\HPRO FOR
3. HALO GRAPHICS SCREEN DRIVER-IBME
4. HALO PRINTER DRIVER=EPSN
5. SMP PRCGRAM PATH-D:\SMP
6. SMP INPUT PATH-D:\SMPINPUT
?. SMP OUTPUT PATH=D:\SMPOUTPT
8. SMP DATA PATH=D:\SMPDATA
9. SHIP TYPE=CA.RRIER

10. CURRENT SHIP=CVN68
11. VARIANT-A
12. CYCLE-2

13. TITLE- fron HFDS T=39.7 92-12-11

14. OPTION-2
15. Exit this menu

Enter option ?

Fig. 11. ModifY SNI1 systems specifications menu before changes.

Checking input

It is worthwhile, to vif-.% thie inptlI before running SMP just to make sure the run

is set up correctly. To chvck thie- iniput. select SM PAM main menu option 9, Figure 9,

and option 1 of the next subine•i.u . ligur,- 13.

Upon paging throug', the input lii.. wV notice the speeds and sea states are wrong.

The example problem ha-, two s;peds. 10 and 20 knots, and only one sea state. WVhile

it t. uecc.•sary to matchi .,pred., wti, thr timc hi.•tory conditton. the time history sea

states are selected indvpendentilv in STh. However, running four sea states is a waste
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MODIFY SMP SYSTEM SPECIFICATIONS

Note that path changes require starting
from the drive letter and root directory

List of Options1. Help I
2 *HALO PROGRAM PATH-C: \HPRO FOR
3. HALO GRAPHICS SCREEN DRIVER-IBME
4. NALO PRINTER DRIVER-EPSN
5. SMP PROGRAM PATH-D:\SMP
6. SMP IN'PUT PATH-D:\ALTINPUT
7. SMP OUTPUT PATH-D:\SMPOUTPT
8. SMP DATA PATH-D:\SMPDATA
9. SHIP TYPE=DESTROYR

10. CURRENT SHIP-DD96511. VARIANT-H
12. CYCLE-6

13. TITLE- from HFDS T=39.7 92-12-11

14. OPTION-2
15. Exit this menu

Enter option ? 15

Fig. 12. Modify SNIP systems specifications menu after changes. 1

I
I

VIEW/EDIT SMP INPUT FILE 3
List of Options

1. Ve•ew SMP input file
2. Edit SMP input file
3. Exit this menu

Enter Option ? 1 3

Fig. 13. \'ew/iL'dit S.N1I1 input file.

I
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3 of time and disk space when only one is needed.

...SMPEDIT

Returning to the previous menu, Figure 13, and selecting option 2 brings Fig-3 ure 14 to the screen. SMPEDIT requires some knowledge of the SMP input format
to know which variables are under what titles. Looking at Reference 1 reveals that3 ahip speeds are under option 4, HULL PARTICULARS, and sea states are under option

11, SEA STATE AND ROLL ITERATION.*
EDIT SMP93 INPUT FILE

3 CHANGE ANY )F THE FOLLOWING OR WRITE CHANGES TO SMP INPUT FILE

1 - TITLE
2 - RUN OPTIONS
3 - PHYSICAL UNITS
4 - HULL PARTICULARS
5 - LOADING PARTICULARS
6 - UNDERWATER HULL GEOMETRY
7 - BILGE XEEL(S)
e - SKEG(S)
9 - RUDDER (S)
10 - PROPELLER SHAFT BRACKET SET(S)
11 - FIN(S)
12 - MOTIONS AT A POINT
13 - RELATIVE MOTION
14 - SEA STATE AND ROLL ITERATION
15 - EDIT ANNOTATION
16 - WRITE CHANGES TO SMP INPUT FILE AND EXIT

3 ENTER USER OPTION : 4

Fig. 1-1. Edit SNMP93-PC input file main menu.

Again the user selects the options to change and follows the submenu directions to
make the desired changes. Sehucting option 4, brings Figure 15 to the screen. Change

the speeds to 20 knots naxnmumn and 10-knot increments as stated in the problem

stateument,

1Return to the SNIPEI)T rmainl menu and select option 14 to change the sea state.

Figure 1(; displays the other type of submIenu. Here the user first determines a course3 of action. deleting, creating. oi changing the data, and .hen specifies which variable to
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HULL PARTICULAR VARIABLES AND CURRENT VALUES ARE: m

OPTION VALUE

1 - Length between perpendiculars 529.0000 I
2 - Beam at midships 54.9000
3 - Draft at midships 20.3300
4 - Displacement in long tons 8282.00
5 - Design speed in knots 25.0000
6 - Increment for speed 5.0000
7 - Model Length (0 for full-scale) 0.0000
8 - TO EXIT THIS MENU I
ENTER OPTION NUMBER TO CHANGE VALUES: 5

Fig. 15. Hull particulars menru.

act on. After deleting the extra significant wave heights, 10.7, 16.4, and 29.6 feet, the m
user returns to the SMPEDIT main menu. In most cases, the same sea states are used

for SMP and STH so most interesting conditions can be selected from the SMP output.

It is possible to delete in the SMIP input file the sea state that would be later

used when making time history runs. This is because STH uses the response transfer m
functions to calculate time histories, and the response transfer functions are virtually

independent of sea state. The only non-linearity is in the lateral mode responses which m
depend on amplitude dependent roll damping. STH does type of roll iteration as SNIP

does to pick the correct roll transfer function. So it is possible to calculate the response

transfer functions for one sea state and time histories for another sea state using those

transfer functions. m
Note that it is not necessary to specify the motion points in the SMP93-PC input

file now to generate motion point time histories later. However, if there is some question 3
aw to the exact condition!, to specify later, calculating motion point response with SNIP

would shed some light on which conditions are worst. To specify a point, select either 3
option 12 or 13 and follow the submenu instructions. Further explanation is in Edit
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SEA STATE AND ROLL ITERATION

4 SIGNIFICANT WAVE HEIGHT(S) ARE USED. THEY ARE
6.2000 10.7000 16.4000 29.6000

SINGLE A '-VCUDE STATISTIC USED = 2.0000
STATISTIC NeilME = SIGNIFICANT

I OPTIONS ARE

. - Delete a significant wave height
2 - Create a significant wave height
3 - Change single amplitude statistic
4 - Change statistic name
5 - EXIT THIS MENU

I ENTER OPTION : 1

I Fig. 16. Sea state anJ roll iteration menu.

]

I Storage options

21. Save changes to new file with updated
cycle number

2. Overwrite the original input file if variant has
not changed, otherwise create a new file with
the same cycle number and updated variant

i VARIANT CHANGED NO

I
Enter Option ? 2

I Fig. 17. SNIPEDIT output storage options menu.

I
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SMP input, page 12. 1
As a further input file check, it is useful to make a hydrostatic SMP run by entering 2

at the EDIT SMP input file main menu (Figure 14), for Run Options and setting OPTN I
equal to 1. Only after the hydrostatics run is it possible to View ship hydrostatics

or Hull plot with the SMPAM. The rest of the run procedure is the same as the full I
SMP run (OPTN=2). After checking the hydrostatics, the user needs to edit the input

file again to set OPTN to 2 or 3. For our example, we assume the input file is correct i
with respect to hydrostatics and hull shape.

Entering 16, for Write changes to SMP input file and exit, brings the user I
to Figure 17. The variant has not changed with just changing the speeds and sea states;

select 2 to overwrite the file. The current ship is still DD965H6. INP. SMPEDIT updates i
the application manager's current ship automatically upon exiting SMPEDIT when the

variant or cycle change. i
Running SMP93-PC

Now that the inpul file is correct, the user can run SMP93-PC, main menu option

10, and expect results. The screen displays a run log while SMP93-PC is running. This

data is also written to the run log file. SMPOUTPT\DESTROYR\DD963H6 .TEX. A run of

one sea state and seven speeds run takes about 40 minutes on a 486DX/25+.

W'hen SMP93-PC is through. Figure 18 appears on the screen giving the user the

option to delete or save S.Ml93-PC output files. SelecLing an option toggles between

yes and no. or save and lclctcv.

Save whatever file., are n,,cessarv for future work. typically the hull plot, origin, arid I
speed polar files. Generating tlinf- i,.to(rwis only requires the origin file, DD965H.ORG,

which is automatically saved iM suididrectory SMPDATA\DD965. Saving the hull plot file

enables the user to use thi S.NI.\.Nl II 'I.i'LOT option. The speed polar files, SPD and

SPT. are for generating sle'vil polar plols. 3
Enter 17 to return to thc SMIPA.t main menu (Figure 9) and then enter 12 to return

to PI{EI)ICT main mncm (F",gure S). Q

I
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List of Options (Note that SAVE=Y)5 Selection of option toggles between Y and N

1. Help 9. RMS file -N
2. Potential file W N 10. Severe notion file = N
3. Coefficient file = N 11. Speed polar data file = N
4. Load coefficient file - N 12. Speed polar text file = N
5. Hull plot file = Y 13. Lateral coefficient file - N
6. Load response operator file = N 14. Lateral excitation file = N
7. Origin file = Y 15. Save all files above
B. Response operator file - N 16. Save no files above

1 17. Exit this iienu

i Enter option ?

RU N Fig, 18. Files to save after running SMP menu.

RUNNING STH

I To launch the STII Application Manager (STHAM), enter 2 at PREDICT main

menu (Figure 8). This brings the STHAM main menu, Figure 19, to the screen. Again

it will be necessary to change the STH system specifications to match the SMP input

path and current ship. This is carried out much like the SMPAM system specification

changes and will not be demonstrated again.

i STHEDIT

After correctly setting the current ship and paths, the next step is to generate a

STII input file. Choose STIIAM main menu option 6, Edit STH input, and bring

up the EDIT STH Ship/Sea Conditions for menu, Figure 20. This screen has all

I pertinent data to make Sll runs. btu the default values may not be the desired ones.

Each variable has a nunihr to th' left of it. which is referred to as a line tnumber by

5 this menu. As the instructinns state•, simply enter the number of the line to change and

the new value, separated by a comma.

5 To get more choice.4 for a watvc point. ship, or sea condition line number, first

increa.4c the total number of choler:. for that variable. The line numbers automatically

I shift as the number of spewds. headings (hdngs). significant wave heights (sigwh), modal
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- SIKULkTýION TIME HISTORY APPLICATIONS MANAGER3

Current Ship + Variant - OCEANA

List of Options

1. HELP 8. View ACTH Run Summary
2. STH System Specification 9. Edit ACTHi input
3. Change STH data path 10. Run ACTH (Mot/vel/acc at a point)
4. Change Ship 11. View ACTH ERROR.TEX fileI
5. View STH Run Summary 12. Plot Data
6. Edit STH input 13. Convert ACTH data format
.7. Run STH (COLLECT binary to ASCII)

14. QUITU

Enter Option ? 2

Fig. 19. STH application manager main menu.

EDIT STH Ship/Sea Conditions for DD965H

Time history parameters 10. Sea type-LC C LC-longcrested seas
1. sample rate- 4.00 ups ( SC-shortcrested seasI
2. Start time- 0. sec
3. Stop time- 1200. sec
4. Roll statistic- 2. wave Points tfor Relative Motion)

No Of Ship/Sea conditions ---- Xloc -- Yloc -- Zltoc ---- Name --------
5. No of speeds- 1
6. No of hdngs- 1
7.7 No of &iqwh- 1
S. No of tzodal- 1 I
9. No. of wave points- 0 Ship Conditions Sea Conditions

(for relative motion) SHPSPD HEAD SIGWH TMODAL
knots deg feet sec-------------- -------- --- -- --

Enter no of line you wish 11. V-20.0 12. H- 23. 13. S- 6.20 14. T- 1.
to change and value.
Type Wave Point Line, 0
*'0 change wave point.
Ty'pe 0.0 to acceptI

Fig. 20. Edit ST11 Ship/Sea conditions menu before changes.U
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periods (tmodal), and number of wave points change.

Relative motion time histories require some forethought because the wave points

,,need to be specified in the STH input file and again in the ACTH input file. If the

points specified in the two input files are not identical, ACTH will not run.

I The two sea conditions for the example are: 20 knots, head seas (0 degrees), 6.2-

foot significant wave height, and 9-second modal period; and 10 knots, beam seas (90

I degrees), 6.2-foot significant wave height, and 7-second modal period. Again, note the

significant wave height does not have to match that used for the SMP run.

EDIT STH ship/Sea Conditions for DD965H

Time history parameters 10. Sea typenLC ( LC=longcrested sea]

1. Sample rate= 4 sps [ SC=shortcrested seas
2. Start time= 0 sec
3. Stop time= 1200 sec
4. Roll statistic= 2 Wave Points (for Relative Motion)

Xloc Yloc Zloc Name
No of Ship/Sea conditions -----------------------------------------------

5. No of speeds= 2
6. No of hdngs= 2
7. No of sigwh= 1
8 . N o of t mnod a l-- 2 h VS a c n i o s
9. No. of wave points= 0 ShHE -oADitiDns Sea conditions

(for relative motion) SHPSPL HEAD SIGW1 TMODAL
knots deg feet sec

Enter no of line you wish 11. V= 20 13. H= 90 15. S= 6.2 16. T= 9

* to change and value. 12. V= 10 14. H= 0 17. T= 7

Type Wave Point Line, 0
to change wave point.
Type 0,0 to accept
all lines ? 0,0

I Fig. 21. Edit STII Ship/Sea conditions menu after changes.

Enter 5,2 to set the number of speeds equal to two. Enter 12,10.0 so the two

1 speeds are 10 and 20 knots. It %., tmpnTtant to include the decimal point when making

changes. Twenty knot.-c already eNIS, being left over from a previous run. Increases

in ship heading and modal period ar(' made in the same fashion.

Once the changes are complete. Figure 21. entering 0,0 brings up Figure 22. PRE-

DICT automatically generates sea conditions for the full matrix of possible combinations

of ship speed. heading. silnificant wave height. and modal period and includes them in
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I
the input file. This screen displays the chosen sea cr-ditions and number of possible

combinations, in this case eight (2 speeds x 2 headings x 1 significant wave height x 2

modal periods). The new run numbers are consecutive to previous runs with this ship
and variant, so existing data is not overwritten by accident. It is possible to override

this by choosing another starting run number. I
The ftllowing Ship/Sea conditions have been selected

Speeds (knots) = 20, 10
Headings (deg) = 90, 0
Signif. wave hts (ft or m) = 6.2
Modal wave periods (sec) = 9, 7

There are a total cf 8 condition(s) 5
2 SPD * 2 HDG * 1 SWH * 2 MWP

I
The next starting STH run = 1

Do you want to change the next starting STH run (YIN) ? N j
Fig. 22. STH ship/sea conditions and run number selection screen.

EDIT STH INPUT for DD965H

List of Options I
1. Accept the now STH input U
2. Edit the STH input using the

full screen NORTON Editor

Enter Option ? 2 I

Fig. 23. Edit STH input file menu. I
The next screen. Figure 23. gives the user the option of one last editing of the input I

file using NortonT"N Editor'. Accepting the input file (option 2), means running the

entire matrix of combinations. Usually, the conditions matrix has many' superfluous
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entries. In our example, we have a matrix of eight conditions, but are only interested

in two. In that case, the user should edit the file using NortonTM Editor (option 2). In

NortonTM Editor, -imply delete the unwanted sea conditions, change the total number

of sea conditioL , the correct value, and renumber the remaining sea conditions.

While this may seem tedious, it actually takes less time, uses less disk space, and is

much easier than keeping track of all the extra runs.

D: \SMPDATA\DD965
D :\STHDATA\SODD965H
DESTROYR
DD965
H
6
FEET
DD965 SPIP ST-RILIZATION STUDY ARMORED TRIMMED RRS STAB 9/23/88

NO OF WAVE POINTS= 0

List of Wave Points
NO XLOC YLOC ZLOC NAME

8
1,4,0,1200,20,90,6.2,9,2,"LC"
2,4,0,1200,10,90,6.2,9,2,"LC"
3,4,0,1200,20,0,6.2,9,2,-LC"
4,4,0,1200,1C,0,6.2,9,2,-LC"
5,4,0,1200,20,90,6.2,7,2,"LC"
6,4,0,1200,10,90,6.2,7,2, "LC"
7,4,0,1200,20,0,6.2,7,2,"LC"
8,4,0,1200,10,0,6.2,7,2,"LC"

Fig. 24. STH input file before deleting superfluous conditions.

The example has six unwanted conditions, so the user should choose to edit the file

(option 2). Figures 24 and 25 show the input file. STH. IN?, before and after the changes.

PREDICT also updates the ship specific and generic STItAM input file, DD965H. INP

and STHAM.INP, at this time.

If editing STH .INP outside the application manager. change the number of STII runs

in STHAM.INP and STH\JRoot Var:ant.IN? to match that in STH.INP.

41
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D:\STHDATA\SODD965H

DESTROYR

H
6
FEETI
DD965 SPIP STABILIZATION STUDY ARMORED TRIMMED RRS STAB 9/23/88

No OF WAVE POINTS- 0

List of Wave Points
NO XLOC YLOC ZLOC NAMEI

2
1, 4,0, 1200, 20, 0,6 .2, 9, 2,-LC-

2,4,0,1200,10,90,6.2,7,2,-LC"I

Fig. 25. STH input file after deleting superfluous conditions.I

Running STH

STH generates longcrested or shortcrested six -degree-of- freedom time historie&_ at the

origin (LCG at waterline on centerline). Longcrested waves have all the wa"'-- energNy

coming from one direction. STII shortcrested waves use a cosine squared spreading
function to spread the waeenergy over ±90' from the primary heading. Longcrested

runs are very quick, on the order of a minute per condition, and short~crested runs take

about 10 minutes per condition on a 48GDX/2,5+.

To run STH- with the current slip; and input file, the user selects STHAM main

menu option 7, Run STH. STlI %%rites progress reports to the screen and to the STH

run sumnmary file. STHLDV^.TEX. while it runs. The time histories are saved to the

files STHDATA\SODD965H\SR1 .DAT and SR2.DAT. When through, STH returns to the

STIIAN main menu.

RUNNING ACTHI

After STI! calculates thv origin tuiic histories, the next steps In generating motionl

at. a point time histories ate, to generate an ACTH input file and run ACTH.
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g ACTHEDIT

From the STHAM main menu, select option 9, Edit ACTH input, to bring up the

first. ACTHEDIT submenu, Figure 26. The ACTH editor works much the same way as

SMPEDIT. There is the first submenu with the listing of the main parts of the input

file, e.g. point locations and channels. The user selects the option and follows the

instructions for further defining the variables, e.g. entering point locations. The point

location f- the example is a boom tip off the destroyer fan tail. station 20.1. 15 feet

starboard oi centerline, and 40 ieet up from the baseline.

ACTH uses the same point location coordinate system as SMP', with the origin at

the forward perpendicular, on the centerline and baseline. The x direction is longitu-

dinal along the hull and uses station numbering, with the forward perpendicular being

station 0 and station numbers increasing aft. Y is positive to port and z is positive up.

EDIT ACTH INPUT MENU

Current Ship + Variant = DD965H

3 List of options

1. HELP
2. Edit Wave Point Locations 5. Select STH Runs3. Edit Point Locations 6. Select OUTPUT format
4. Edit channels 7. Exit this menu

IEnter Option ? 3
5 Fig. 2( L.l A('TI1 input menu.

3 Selecting option 3 fron, the EDT7 ACTH INPUT MENU brings up the point selection

menu. Figure 27, which displays roint,' from th'e previous run. Select option I to modifyif an existing point and bring up th, Modify existing point submenu, Figure 28. Enter

the number of the point to modify. Then at the new prompt. Figure 29, enter the new5 location and name. separated Ib conrnias. PREDICT returns to the previous menu so
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the user may enter the next point to modify. Enter 0 to return to Point Selection S
menu. Now the user has the choice to delete the extra locations or to simply not

save those channels.when selecting the channels. Delete and add points in the same

manner as modifying them. Entering a 4 returns the user to the main ACTH edit menu,

Figure 26.

ACTH PROGRAM - Point Selection

Current Ship = DD965

Point Reference System Point Description
------------------------------ --------------------------------------

XLOC - station number NO. XLOC YLOC ZLOC NAME
(0-FP, 1O•-MIDSHIP,20=AP)

YLOC - pos. to port 1 6.00 -16.0 45.0 ALMOST THE BRIDGE
from centerline 2 16.00 .0 70.0 HELO DECK BULLSEYE

ZLOC - pos. up from baseline 3
SELECTIONS

1. Modify existing point I
2. Add a new point

3. Delete existing point
4. Exit this menu

Enter selection no ? 1 I

Fig. 27. ACTH program point selection menu. i

Edit wave point locations in the same fashion as ship point locations. If relative

motion (wave) points were specified in the STH runs, it is possible to calculate relative

motion time histories with ACTI as long as the point locations are the same. But just

because the STH runs have wave poits. does not mean the ACTHt runs have to have

them also. However, in ca.e. where the prev:ou. ACTH run. asked for wave points,

and the current STH run doe., not. then the rrevious wave point locations need to be

dcleted.

The user chooses which response time histories to save by editing the channels, EDIT

ACTil main menu option 4. Figure 30 shows the Channel selection menu. Again 3
channel selections from the previous run are left over and might need modification.

Each of the menu selections has its own submenus which prompt the user for a channel

I
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Current Ship - DD965

Point Reference System Point Description--------------- ----------------------------------
XLOC - station number NO. XLOC YLOC ZLOC NAME

(OuFP, 10-MIDSHIP, 20-AP)
YLOc - pos. to port 1 6.00 -16.0 45.0 ALMOST THE BRIDGE

from centerline 2 16.00 .0 70.0 HELO DECK BULLSEYE
ZLOC - pos. up from baseline

3
Enter no. of point you want to modify. Type 0 to quit ? 1

3 Fig. 2S. ACTIl program point selection - modify existing point submenu.

ACTH PROGRAM - Modify existing point

Current Ship = DD965

Point Reference System Point Description

XLOC - station number NO. XLOC YLOC ZLOC NAME

(0=FP,10-MIDSHIP,20=AP)
YLOC - pos. to port 1 6.00 -16.0 45.0 ALMOST THE BRIDGEfrom centerline 2 16.00 .0 70.0 HEL4O DECK BULLSEYE

I ZLOC - pos. up from- baseline

Fnter XLOC, YLOC, ZLOC, and NAME (up to 20 characters) for Point 1
(separated bycommas) 20.1, -15.0, 40., BOOM TIP UP

'i-. '29. A('T11 piog.-i'.l• lW! wi'ertloii - entering new point submenu.
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number to operate on and which response to store in that channel, i.e. whether it

is vertical, lateral, or longitudinal; displacement, velocity, acceleration, or force. See

Channel selection, page 23, for the possible channel choices and brief descriptions.

Figures 31-35 show the menus used when modifying the channel selection to include

vertical acceleration of the boom tip.

ACTH PROGRAM - Channel Selection

Current Ship - DD965

List of Channels with Associated Points I
CHANNEL POINT

NO. NAME TYPE UNIT SYSTEM NO. XLOC YLOC ZLOC NAME

1 WAVEHT DSP FEET EARTH 0 .00 .0 .0 Origin (LCG, CL, WP)
2 SWAY DSP FEEI EARTH 0 .00 .0 .0 origin (LCG, CL, W9)
3 HEAVE DSP FEET EARTH 0 .00 .0 .0 origin (LCG, CL, WP)
4 ROLL ANG DEG EARTII 0 .O00 .0 .0 Origin (LCG, CT,, WP) N
5 PIUCH ANG DEG EARTH 0 .00 .0 .0 Origin (LCG, CL, WP)

SELECTIONS

1. Help 4. Add a new channel
2. Show addi'tional channels 5. Delete a channel
3. Modify an existinq channel 6. Exit thi- menu

Enter selection no ? 2

Fig. 30. ACTH progra22 channel selection menu. I
EDIT ACTH input menu (Figure 26) option 5, Select STH Runs, selects the STt

runs to use when calculating the ACTII time histories. Figure 36 shows the Select STH

runs This is tile same method of selecting sea conditions used with tie STIt

editor. PREDICT gets tHie sci;,/sea conditions from current ship subdirectory. The

desired ship/sea conditions are flagged (.) and the undesired ones unflagged. ACTHI-

rin. %Vill be made for whichever STII runs match the flagged sea conditions. Wher,

fiagginq or unflagging, ent,'r the number exactly as shown on the screen, including 3
decimal point and separatc with a comma. For example, to flag. enter 30 .0,F.

The output can be either binary or ASCII in Optin 6 of the EDIT ACTII main

nivnu (Figure 26). The default outpum format iF binary.

EDIT ACTH main menu (Figure 26) Option 7, Exit this menu, brings up the
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ACTH PROGRAM. Modify existing channel
CHANNEL POINT

NO. NAME TYPE UNIT SYSTEM NO. XLOC YLOC ZLOC NAME

I WAVEHT DSP FEET EARTH 0 .00 .0 .0 Origin (LCG, CL, WP)2 SWAY DSP FEET EARTH 0 .00 .0 .0 Origin (LCG, CL, WP)3 HEAVE DSP FEET EARTH 0 .00 .0 .0 Origin (LCG, CL, WP)
4 ROLL ANG DEG EARTH 0 .00 .0 .0 Origin (LCG, CL, WP)
5 PITCH ANG DEG EARTH 0 .00 .0 .0 Origin (LCG, CL, WP)6 YAW ANG DEG EARTH 0 .00 .0 .0 Origin (LCG, CL, WP)7 VERT ANG DEG EARTH 2 16.00 .0 70.0 HELO DECK BULLSEYE

Enter no. of channel you want to modify. Type 0 to quit ? 7

F 1ig. 31. ACT}] program modify existing channel menu.

ACTH PROGRAM - Modify existing channel

CHANNEL POINT
NO. NAME TYPE UNIT SYSTEM NO. XLOC YLOC ZLOC NAME
---------------------------------------------- --------------------------------------------
7 VERT ANG DEC, EARTH 2 16.00 .0 70.0 h:LO DECK BULLSEYE

Channel selection

1. Wave height (Origin) 6. Forces at a Point
2. Origin motion 7. Tocal Force Ratio, TFR
3. Motions at a Point 8. TFR Estimator, TFE
4. Relative motion 9. TFR Angle, TFRDIR
5. Wave height at a Point 10. Horizontal Force Angle, HFDIR

11. Exit this menu

Enter selection number ? 3

Fig. .32. MIodify' exis , Cli;ihlll,'l SII)fl[C11 - ACT11 chialli el ec Sd(Ctio il [IhcIU.
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ACTH PROGRAM - Point Selection t
Current Point - 2 : NAME = HELO DECK BULLSEYE

Point Reference Sy tem Point Description
--------------------------------------------------------------

XioC - station number NO. XLOC YI.OC ZLOC NAME
(0=FP,10uMIDSHIP,20-AP) 1 20.10 -15.0 40.0 BOOM TIP UP

YLOC - pos. to port 2 16.00 .0 70.0 HELO DECK BULLSEYE

from centerline
ZLOC - pus. up from baseline

Enter no. of point you want to use ? 1

Fig. 33. Modify existing channel stnienu - ACTH program point selection menu..

ACTH PROGRAM - Modify existing channel I
CHANNEL POINT

NO. I,.'E TYPE UNIT SYSTEM NO. XlOC YLOC ZLOc NAME

~~------------ ------- ------------------------------------
7 LONG DSP FEET EARTH 1 20.10 -15.0 40.0 BOOM TIP UP

Channel selection - Motion at a point

I. Longitudinal (default)

2. Lateral
3. Vertical

Enter selection number 7 3I I
:1,;. :3-4. eI(ifV ,'xi(-titig chami,,'l .•tulIIeIIU - ACTII program motion at a

pO1 ll)0 1 111ltId'E ll .111l.
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ACTH PROGRAM - Modify existing channel

CHANNEL POINT
NO. NAME TYPE UNIT SYSTEM NO. XLOC YLOC ZLOC NAME

7 VERT DSP FEET EARTH 1 20.10 -15.C 40.0 BOOM TIP UP

3 Channel type selection

1. Displacement (default)

2. Velocity
3. Acceleration

Enter selection number ? 3I
Fig. 35. Modify existing channel submenu - ACTH program response selec-3 tion menu.

I

ACTH PROGRAM - Select STH runs

Current Ship f DD965

Runs are selected by I

flagging (*) specific Ship/Sea Conditions
Ship/Sea conditions SPEEDS HEADINGS SIGWH MODAL WP

10 () 0 (*) 6.2 (*) 7 (•)
20 90) go (') 9 (9 )

I SELECTIONS I

1. All conditions
2. Speeds
3. Headings
4. Signif. wave hciqht,
5. Modal wave periods

6. Exit this menu

Enter selection no ?

I ig. 36. A('TII prograri STII run selection menu.

I
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same series of questions as exiting STHEDIT (Figure 23), i.e. whether to number the

runs consecutively and whether to accept the input file. The input file can be edited

using Norton"' Editor from within PREDICT, or outside of PREDICT altogether.5

The files STH\ACTH .IN?, STHAM .INP, and DD965H .IN? are updated at this point and

the user returns to the STHAM main menu, Figure 19.

Running ACTH3

Select STHAM main menu (Figure 19) option 10, Run ACTH (Mot/vel/acc at

a point), to run ACTH withi the current ship and input file. ACTH writes progressI

veports to the screen and DR*. TEX, and to the ACTH run summary file, TRIALLOG. TEX,

while it runs. The output files DR1.* and DRL2.*t are written to the COLLECT data

directory and SPRoot Variant subdirectory, DATA\SPDDY6SH.

ACTH runs very quickly, on the order of 1 minute per condition and, when through,3

returns to the STHAM main menu. If an ACTHI run fails to finish, viewving ERROR.TEX,

STHAM main menu (Figure J9) option 11, can provide clues as to why.

DATA ANALYSIS AND PLOTS3

Choosing STH main menu, (Figure 19) option 12, or PREDICT main menu (Fig-

urc 8) option 3. generates ACTIlI motion at a point time history plots on the terminal

screen or to a printer. InI cither case. the plotting process and menus are the same

regardless of starting point. The plot feature haýs two submenus, Figures 3T and 38.5

I'ables 13 and 15. respectively, givec a brief description of the submenus' options. Data

Ana~lysis and Plots (COLLECT). page 25 explains the rmenu choices more full\,.

It wiay be neccs~sar\v to cliantg the D)ATA directory, or the curient TRIAL subdi-

teCtorIV tisi ii options 2 ot :1 to select t li desi red runs: however, it. is not necessary for5

till., cxaiiiplc. Othet chaiig~c! to (~ihi piiths xic Incide usinig ujptioI 1. wbich modifies~

COMPSYS.TEX with the sanie procedUre uscd to miodifY SMPSYS.TEX and STHSYS.TEX I
Chloose submenu option 4. Figim- 37. Get new run to select the ruln to plot from thle

liSt Of iiaai ilile, r u uS III tlIC cur cin TRIUAL subdi rectory, Figure 39. For the cxam ple,3

"Tbli asterisk is a wil.! card for Oil- sArioui, output extenlsion~s. For ACTHI, tile\ are ASO, CON,

TEX, 1a1d INI.

503



II
I

DATALOG DATA ANALYSIS AND PLOTTING MENU

Current DATA Analysis Path D:\DATA\SPDD965H

I' Current DATA Run= 1

if List of Options

1. Computer System Specification
2. Change DATA Analysis drive
3. Change TRIAL
4. Get new run5 5. Plot data

Enter Option ?3 Fig. 37. CLTMAIN main menu.

U
DATA LOG P LOT

RUN NLMBER = 2 GRAPH TYPE = SPLOT
START TIME - 011152L MAR93 NPCHAN - 3
RUN TIME - 1200.0 SEC PLOT TIME - 0.0 TO 120.0 SEC

PCH NAME UNITS MEAN STDDEV PEAN YMAX YMIN YIN(
1 WAVEHT DSP FEET 0.00 1.51 -5.08 1.00 -1.00 1.OC
2 SWAY DSP FEET -0.00 0.86 2.61 1.00 -1.00 1.0f
3 HEAVE DSP FEET 0.00 1.50 4.55 1.00 -1.00 1.0O

i
PROGRAM, OPTIONS

1 HELP 5 CHANGE Y-SCALE 9 DISPLAY DATA
2 GET RUN 6 CHANGE X-INCRMT 10 DISPLAY TEXT FILE
3 EDIT CHANNELS ý TIME 11 EXIT
4 GRAPH TYPE 8 PLOT DATA

Enter option ?

FFig. 3S. Datalog plot menu.
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GET NEW RUN N

Current DATA Analysis path - D:\DATA\SPDD965H I
D: \STH
DRI .INT DR2 .INT

91207680 Bytes free

Enter run number ? 2

Fig. 39. Get new ACTH run menu. 3
chose the second run to plot.

To plot the data., the user selects option 5, Plot data. This brings up the DATALOG
PLOT menu, Figure 38. 1

For example, plot the last 600 seconds of the wave height, heave, and boom tip
vertical acceleration channels. Choose option 3, Edit channels, and select the desired
channels from the complete channel list by typing their line numbers, Figure 40. Time,
option 7, allows the user to enter a new begin and end time, Figure 41.

S MR CHANNELS

1 - WAVEHT DSP 7 - VERT ACC
2 = SWAY DSP
3 = HEAVE DSP
4 = ROT.T, ANG
5 = PITCH ANG16 = YAW ANG

GRAPH TYPE E

SPLOT (3 channels maximum)
Enter no of channels to plot ? 3 3
Enter 3 channel numbers (one per line)
Enter '+, or '-'to scroll available channels forward or backwards

3I"? 5
? 7

Fig. 40. Datalog plot - edit channels submenu. !

After changing the time, enter 8 to PLOT DATA. Should the plotting scales be inap- I
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1

ft SELECT START AND STOP TIMES

Run time is 1200.0 seconds

I Current plot time is .0 to 1200.0 seconds

En'-er new plot start and stop times in seconds ? 600., 1200.

'I Fig. 41. Datalog plot - time subscreen.

1
1

SSET Y SCALES

PCH NAME UNITS MEAN STDEV PEAK YMAX YMIN YINC
N 1 WAVEHT DSP FEET 0.00 1.51 -5.08 6.00 -6.00 6.00I N 2 HEAVE DSP FEET 0.00 1.50 4.55 5.00 -5.00 5.00
N 3 PITCH A.NG DEG -0.00 0.11 -0.36 0.40 -0.40 0.40
N 4 VERT ACC G-S -0.00 0.05 0.17 0.20 -0.20 0.20
N 5 ROLL ANG DEG 0.00 0.23 -0.74 0.80 -0.80 0.80
N 6 SWAY DSP FEET -0.00 0.86 2.61 3.00 - 00 3.00

LIST OF OPTIONS

To change plot channel scales enter either:
N for nice number scales for all plot channels
Plot channel number, N for nice number scales for a plot channel
Plot channel number, YMAX, YMIN and YINC to select manual scales
0 to Exit

? ?0

SFig. 42. Set Y scales menu.

I
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propriate, return to the DATALOG PLOT menu and choose option 5, CHANGE Y SCALE.

The CHANGE Y SCALE screen, Figure 42, has instructions detailing the various methods

of scaling. Entering N (nice number scales) causes the Y scale to be autoscaled for

the selected channels and is sufficient for most cases. Plotting the data again yields

Figure 43. Currently, the plotting capability is a mazimum of 16 channeli with 3,600

data points per channel, or 20 minutes at 3 samples per second.

Ship Code = DD965 Run 2 1
3 HERUE DSP (FEET)

5.0

-5.0i

5 PITCH A40 (DEC)

7 UERT FC -

-3.0 •.

.0.e0 9 .9.0 1000.0 1.0

1liE IN SEC

Fig. 43. Example time history plot of data.

To exit PREDICT aid return to I)S. the user simply selects Exit this menu

whenever possible. I

CONCLUDING REMARKS 5
Using PREDICT. the applications manager described in this report, it is possible to

generate both frequency and time domain ship motion output from a single ship in1put

54 3*
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I
file. Abso.ute or relative motion at a point time histories can be developed. The time

histories could be used as input, representing realistic ship motion, for other system

models.

This report also provides the source code to SMP93-PC, and the appropriate list

of references that fully document the Standard Ship Motion Program, the Simulated

Time History Program, and the Access Time History Program.

i
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I APPENDIX A: STANDARD SHIP MOTION PROGRAM - PC

This appendix has a listing of the Navy Standard Ship Motion Program PC (SMP93-
PC) version. The SMP version used as the baseline for the personal computer (PC)

"version is SMP84 which is fully documented in References 1 and 2. The theory and

calculation methods are the same between the CDC, VAX, and PC versions.

The PC version is coded in Lahey Fortran and makes extensive use of overlays. The

main differences between SNM.P84 and SMP93-PC are: an extra frequency range for

I response calculations, an "ORG file only" run option, and splitting the SPL file into a

SPD and SPT file. Other differences involve differences between Fortran brands and

in overlaying. Binary files from the CDC, VAX and PC are not interchangeable, due

to differences in binary structure between machines, not due to differences between the

5 program versions.

EXTRA FREQUENCY RANGE

I The extra frequency range is especially tailored for small craft response and used

when the roll period is less than or equal to nine seconds. The extra frequency set,

FREQ3, was added in subroutine READ. The new frequency set is: 0.2, 0.3, 0.4, 0.5,

0.55. 0.575, 0.6, 0.625, 0.65, 0.675. 0.7. 0.725, 0.75, 0.775, 0.8, 0.825, 0.85, 0.875, 0.9,

0.95. 1.0. 1.1, 1.2, 1.3, 1.5, 1.8, 2.0, 2.5, 3.0, 3.5. and 4.0

ORG STOP AND START OPTION

With this option activated. SNIP93-PC can either stop after generating the ORG

t file or it can start using an existing ORG file. This provides a time saving if only the

ORG file is wanted. OPTN must be either 4 or 5 to start using an existing ORG file.

3 S.MPEDIT has this option available

The flag, ORGOPTN. was added to Data Card Set 2, Program Options, as the

seventh variable occupying spaces 36 - 40. Possible values are:

o0 = Normal run
I = Stop after generating ORG file£ 2 = Start with existing ORG file (OPTN-4 or 5)

1 0



SPLITTING SPL FILE !

The unformatted SPL file was split into two files: a formatted SPT file and an

unformatted SPD file. This was a minor change done to avoid memory problems. The

SPT file has the speeds, headings, and response names and data. The SPD file has the

RVS/ToC table data.

5I
I
£
I
U
I

I-
I

I
I
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3 APPENDIX B: PREDICT OVERVIEW

While PREDICT is designed to shield the user from the BOS directory and fileS structure, somneknowledge of it is useful during installation and when choosing values

for system specifications. Also understanding the file naming conventions is important

to select the desired input file. The default directory names and path given here can

be changed using the system specification options oir editing SKPSYS. TEX, STHSYS. TEX,

and/or COMPSYS.TYX.

SYSTXEM REUQJIREMENTS

PREDICT runs from DOS and is written in Microsoft"' Fortran 5.1 and ust- llaio

Pofessinal9 r for graphics -.apability. The memory requirements for the execut~ables

are about: 1.6 IMB in SMP dii-ectory,10.65 MB in STH dicect~ory, anid 0.25 M~B In COLOCT91.

I On a 486DX/25+ MI-z machine, C. 1, sea state, 7 speed SNIP run takes about. 40 minutes:

a STI- longcrested run tai~es about 1 minunlte per ror.dition;, a STH shortcre~ted runU takes about 10 minutes per condition; and an ACTH run takes about 30 seconds pe-

conidition).

UN ASCII timre historY output files are available for use with in-house graphics programs.

Appendix A documnents the Jiatiges mnade to th~e CDC versior of SMRI4SC1 sot; WoUICII rurn on a personal comiputer.

U PREDICT DIRECTORIES

BATFILE is a directory that liac, boitch (BAT)1 hies for the aTnplic,.t~ori, managersU anid should be added t~o fhe usrzpath st~atementr in AUTOEXEC .BAT. The hatcli fies

are: PREDICT.BATS, SMPAM.BAT. STFAM.BAT. ard CLTAM.11AT. They run the pi-,garamsU PRFDIC.T, SMIPMAIN. and STHIAINIM

There are also dirpc ories for th( romrnerciý s,,t~warc. Fortrani and h~ao irofesI ~ ~siorial 920D used bv PRlEDICT. The cont~nts of thos--~~t~re depends on the sofi-

ware Installation. Talble 16 shows tlw~ c! ault pat-ls for tl.e sYstemn specifications. Fig-

I ~ ~ure I shows t hic organ ization of YRLDI CT arno the r trnptJ.\%(1tliCapplical,10ion

rilara'gers and the program,,.
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Table 16. Default paths for system specifications.I

SSystem specification [Default path31

Halo TN program path C: \HPRO-FOR
Halo TM graphics sci~.en driver IBMEI
Halo TM printer driver EPSN
SMP program path D: \SMP3
SNIP input path D:\SMPINPUT

SMP output path D:\SMPDUTPT5
SOMP data pAth D'\SKPDATA

STH programi path D: \STR
STH data path D:\STUDATAI
COLLECT programi path D:\COLOCT91
COLLECT data path D:\DATA I

SMIPAM DIRECTORIES

There are four SNIP related directories whose defauilt rtamnýs are SM?, SMPINPIJT,

SMPOUTPT, and SMPDATA. See Figure 44 for a description of tne SMPAMI directolv

tree. The directory SMP has all 'lie executables for SIMPAMN anld a HE-rý subairectorN

containing the on-line help) files. Also in SM? are the scratch and data fi.les fc~r storing3

the current value of SMPAMJ vali iL'les. See Table 17 for a listing and description of

these files3

SMPINPUT contains sublnrectorles thtt contain the SINIP input files. Typically, these

subdirectories have descriptive namesf such as CARRIER or BOATS, and input files fitting3

those descriptions vire grouped togethier. These subdirectory namnes are known as tlhc

Ship Typt .r, the system spvc;(icatiomis. The 'input filcE have the root, variantl, and cycic

niirnbtr format with anl INP exitismlorl.

The output fromi SNIP Is spill into the remaining two directories, SMPOUTPT and

SMPDATA. Basically, SMPOUTPT has miost cE the ASCII data and SMPDATA has; the biniary

data. Again, the data are actually located in subdirectories whose niamles reflect th- 3
inp~ut file and path used in their creation. In SMPOUTPT, the subdirectory namies are the



Table 17. SMP Applications Manager scratch and data files.

I File name Description
BFILES. INP Keeps track of which SMP output files to

save or delete.
DENSITY .DAT Previous values for generating density plot.
POLAR.DAT Previous values for generating polar plot.

SHI.PNAM.TEX Directory listing of Ship Type subdirec-
_ _ _ tory; only INP extensions shown.
SHIPTYP.TEX Directory listing of SMP input path direc-

tory; only directories shown.3 SMPSYS.TEX Current path and ship for SMPAM.

'rEmP.BAT BAT file to send user back to main menu.

I Ship Types and have a direct correlation to SMPINPUT. The file names are the same as

in SMPINPUT except for the extension.

In SMPDATA, the subdirnctorv names are the roots of the input files. Here the fill,

names drop the cycle number. The SNIP Applications Manager (SMPAM) creates the

output. subdirectories automatically.

3 STHAM DIRECTORIES

The Simnulated Time History Applications NManager has four directories, whose de-

fault names are: STH. SMPDATA, STHDATA. and DATA. The first two directories, STH and

SMPDATA. contain the input: STHDATA and DATA contain the output. Figure 45 shows the

default directory organization of the STIIAM directories used by PREDICT. Figure 5
of Reference 3 shows anothrr possible directory organization for use without PREDICT.

STH holds the executables f,,. the application menu choices and various log and

scratch files. See Tabl. IS for a l1ri mid description of the log and scratch files. SMPDATA

is the sa.me directory ,%ed by the' SNIPA N to store the binary SNIP output used as inpui

, STH.

Both STHDATA and DATA havf. the same structure and are more fully described in

RfefereLce 3, pages 1.5- 10.22. DATA I tte COLLEC3. data path in the system specifi-
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- ~Table 18. STH scratch and data files. .
File name [Description11
CONFIG ACTH generic channel data

EROR. TEX ACTH run time errors
RUN. .TE Contains run number and number of chan-

nels needed to write file configuration,3
________CONFIG

SHIPAM .TEX Directory listing of Ship Type subdirec-

___________tory; only INP extensions shown.
SHIPTYP .TEX Directory listing of SMP input path direc-

___________tory; only directories shown.

STHSYS .TEX Current paths and ship for STUAM.
STEAM. INP Generic name for ship dependent STHAM

________ input file.

r I.BA BAT file to send user back to main menu.

cations despite the fact it contains ACTH output. The daia for various ships are in

subdirectories with names based on the SIMP ship origin transfer function file. STHDATA3

subdirectory names have the form SORoot Variant, e.g. SODD965H. The output file

names are SRN. TEX and SRN. DAT, where N is the run number. Table 19 gives a list of3

the type of data the files contain.

DATA subdirectory names have the form SPRoot Variant, e.g. SPDD965H, The output3

file names are DRN. INT, DRN. CON. DRN. ASC, and DRN. TEX, where N is the run number.

Table 19 gives a list of the type of data the files contain.3

PLOTTING DIRECTORIES

The plotting programs are spread between two directorie3 SMP and COLOCT91. HULLPLOT

and POLAREGA are in SMP and CLTNIAIN and DLPLOT are in COLOCT91.5

HUL.LPLOT reads the 11PL for data. POLAREGA reads the SPD, SPT, POLAR.DAT,

and DENSITY.DAT. The HPL, SPD, and SPT files are SMIP93-PC output. POLAR.DAT3

and DENSITY.DAT contain the r' rarneters from thre last plot to use as defaults foi the

current polar or density plots.U
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I ROOT DIRECTORY

-SKP
SMPMAIN.EXE SMPSYS .TEXUSMPHST.EXE SHIPNAM.TEX
SMPEDIT .EXE SHIPTYP .TEX

SMP.EXE BFILES .INP

HULLP LOT .EXE POLAR .DAT
POLAREGA .EE DENSITY .DAT

I SMPINPUT HL - 7 *.HLP (15 files)

L - ES R Y DD965H6 .INP

IMOIUP DESTROYR
DD965H6 .TEX

DD965H6 .OUT

DD965.TLTI ~HSTAT .TEX

L SMPDATA
DD6 DD965H .ORG

DD965H .HPL3 DD965H.SPD
DD965H .SPT

Fig. 44I. SNIPj applicationis inanagcr d'irectorv structure.
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-ROOT DIRECTORYU

STH
ACTH.EXE ACTH.INP ERRDR.TEX

ACTHED'T.EXE STH.INP RUN.TEX
STILEXE SIHAM.INP STHSYS.TEX

STHMAIN.EXE DD965H.INP SHIPNAM.TEX3

WRTASC2.EXE SHIPTYPTEX

HELP ~ *.HLP (18 files)

STHDAT

SRJV. TEX
SRN. DAT

STHLOG .TEX

-D ISPDD965HI

DRN. INT
DR N. CO N
DRN,. ASCO'
DKRV. TEX

TRIALLOG.TEX

CONEICI

ANALYSISRTPLOT.DAT3

SMPD AT A

IDD965 . ORG

LCOLO T49: 3
PREDMAII .EXE
CLTMAIN .EXE:

DLFLO: .EXE

F7ig. 45. STII applicatimis manager directory structure
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I

U Table 19. STH file names and descriptions.

I File name - Description I Type

SRN.TEX STH output echoing run parameters and ASCII
screen output

SRN.DAT STH time history output Binary

STHLOG.TEX STtt run log summary file ASCII

DRN. INT ACTH time history output Binary

DRN.CON ACTH file to store run dependent CON- Binary
FIG data

DRN. ASC ACTH time history output ASCII3 DRN.TEX ACTH output echoing run parameters and ASCII
screen output .3 TRIALLOG .TEX ACTH run log summary file ASCII

CLTMAIN reads the ACTH output file, *. INT. for data. it also uses COMPSYS.TEX

to determine path, directory, and current ship data. This file is also updated auto-

:inaLicdlly by PREDICT when the current ship is changed. CLTMAIN is the driver for

DLPLOT.

DLPLOT plots data from runs selected in CLTMAIN according to the plot definition

selected within DLPLOT. RTPLOT.TEX has plot definition data from the previous plot

for Datalog plots. RTPLOT.TEX is in the SPRoot VarianA\ANALYSIS subdirectory. This

file and subdirectory is created automatically when entering C1LTMAIN.

I Printers

The graphics programs T'OLAREGA and DLPLOT support a limited number of

Sprinters. They are: HP Laser.Iet"M 11 and Ill. tHP Paintjet T51 , lIP DeskjetTM". Epson,

Okidata, Gemini, and IBM Proprinter' ". To support other printers, modify the PAR-

RAY array values in POLAREGA and DLPLOT, recompile, and link. Values for tile

printer array. PARRAY. are in the llalo¶M reference manuals'.

I
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APPENDIX C: STHAM SHIP DEPENDENT INPUT FILE

PREDICT allows switching between different ships while running, and STH and

ACTH both use input from generically named input files, STE .INP and ACTH. INP.

Furthermore, STH and ACTH have some, but not all, dath. in common. To get around

this naming and data problem, PREDICT uses a ship-dependent input file that stores

all the data required for STH and ACTH runs. PREDICT copies the ship dependent

file to STHAM. INP and uses the paths and file names from this file as the current values,3 overriding the data in STHSYS. TEX. Then PREDICT simply extracts the required STH

or ACTH data to use as starting points when editing or creating the generic input files,

SSTH. INP and ACTH. INP.

The ship dependent input file name follows the Root Variant.INP convention, e.g.

DD965H.INP. They are located in the STH data path directory, e.g. STH.

When editing STH. INP to remove unwanted sea conditions outside PREDICT, the

current ship-dependent input file and STHAM.INP should also be edited to match tWhe

sea conditions in STH.INP. PREDICT updates these files automatically when edited

- fiom within PREDAM.

The format of these files is easy to understand, as each line has a commented ex-

planation at the end of the file. The file has three main data blocks. The first gives

data that PREDICT use,' to find other files and to assign run numbers for STH and3, ACTII output files. The second block ha.&s the STII data, from sample rate to the point

locatlionw. The third block has the ACTII data, from wave points to flagged conditions.

'hle wave and motion point data ar," held in common between STH and ACTII. As a

rule. the flagged ACTII cozdit Ions should be a subset of the available STtt conditions.

Although eaSy to full,), thIi placireut of text and numbers is important. Otherwise.

t he fil. cannot be read rorre.ct v and will bv. useless. Figure 46 shows the format of the

shil,-dependent input filh. Th. lit. conitining numbers from 0 to 9 is not part of the

fih" and is Included iWt tt, figure ai it spacing aid.

I
U
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12 3 4 56"790123456789012345678901234567890123456789012345670901234567990EXTI-A
SHIP TYPE.DZSTROYR
SHIP'DDg6 S
VARIANT-H "

CYCLE=6
TITLE-DD965 SPIP STABILIZATION STUDY ARMOAED TRIMMED RAS STAB 9123/88 3
OUTPUT- 1

NEXT ACTH RUN- I
NO OF ACTH RUNS- 2

NEXT STH RUN* I

NO OF STH RUNS- 8

SAMPLE RATE- 4
START TIME- 0
STOP TIME- 1200
STATISTIC- 2
SEA TYPE.LC

NO OF SPEEDS- 2
NO OF HEADINGS- 2
NO OF SIGNIFICANT WAVE HEIGHTS- I

NO OF MODAL WAVE PERIODS- 2

SPEECS- 20, 10
HEADNOS- 90, 0

SIGWH- 6.2
TMODAL- 9, 7

NO OF WAVE POINTS- 0

NO OF POINTS- I
POINT I XLOC- 20.1 YLOC- -15.C ZLOC- 40.0 NAME-BOOM TIP UP

Ino OF CHANNELS- 7
List of Channels with Associated Points

CHANNEL POINT
NO. WAKLE TYPE UNIT SYSTEM NO. XLOC YLOC ZLOC NAME
NO WANEHT DSP FEET EARTH 0 O.00 0.0 0.0 Origin (LCG, CL. WP)

2 SWAY DSP FEET EARTH 0 0.00 0.0 0.0 Origin (LCG, CL, WP)?

3 WEAVE DSP FEET EARTH 0 0.00 0.0 0.0 Origin (LCG, CL, WP)
4 ROLL ANG DEG F EARTH 0 0.00 0.0 0.0 Origin (LCG, CL, WP)

5 PITCH ANG DEC EAATH 0 0.00 0.0 0.0 Origin (LCG, CL, WP)
6 YAW ANG DEC EPATH 0 0.00 0.0 0.0 Origin (LCG, CL, WP)
7 VERT ACC C-S EARTH 1 20.10 -15.0 40.C BOOM TIP UP

1:O OF FLAGGED SPEEDS- 2
V 0 OF FLAGGED HEADINGS- 2
VO OF FLAGGED SIGNIFICAJN7 WAVE NE:HTS- 1 1
aVO CF FLAGGED MODkL WAVE PERIODS-

FLAGGED CONDITIONS
SPEEDS- I0, 20
HEADNGS- 0, 90
SICI'H- 6.2

TMODAL 7, 9
123456789012345678901234S67890, 234567890123456709012345678901234 S6799OEXTRA

Fl,. .16,. Ship dcpendchnt in)ll, illc if(,rmIat for tinc historv application0s Maliager.
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I APPENDIX D: SMP93-PC SOURCE CODE LISTING

3This appendix is a listing of the source code similar, but not i dentical, to Appendix I

of Reference 1.

3 ~C SNP93 PROGRAM LIBRARY-

* PROGRAM SHP93

Standard Ship Not ion Program CSMPO3)
for Personal Computers

* Op~eratings;;stem MS-DOS Version 4.01
FORTRA 77 using Lahey Fortran
Overlay linking using PLINK86

Bu~ll plot and Speed Polar plots
done 2n separat:,programs

using HALO graphis language

C SUBROUTINE LIST
*------------------------------------------------------------------------------------------

C DECK ACTFIN - active finsI SUBROUTINE ACTFIN (IV.ZERO.V.OMGEOMGE2,TAF)
COMMON /APPEND/ NBKSET.NBKSTN(2).BKIP4AG(2) ,BKFS(2),BKAS(2),

2 BKWD (2),BKSTN(1O,2),BKHB(10,2) BKLNTH BKWDTH,
2 BKWL( 10 2).BKAN(1O.2),NSKSET,S1ýIMAG(25.SKFLS(2),SKALS(2),
2 SKAUS_2 .SKEB(2) SKFLWL(2) SKALWfL2),SKAUWfl) 2NRDSET.RDIMAG(2)

2RRFSRVS :2 RDRAS(25 RDRHBý2) :RDRLFWL 2) JRDRAWL 2), RDTFS 2) R.DTAS(052RDTHB (2) RDTFWL(25 RDTAWL(2),NSBSET.SBIMAG(2),SOBRFS(2 .SOBRAS(2i
2,SOBRHB (23 SOBRFW(25 .SOBRAW(2).SIBRFS(2),SIBRAS(2),SIBRIIB(2).
2 SIBRFWH(2 )SIBRAW(2),SBTFS(2),SBTAS(2).SBTHB(2),SBTFWL(2),

11FNRHB(2) FNRFWL(2) FNRAWL(2).FNTFS(2),FNTAS(2),FNT:(2),
2 SETAWL( 2).FNETAL2.FNIMAG2.FNR.FOS2),ENRDS(8),

COMMON /PHYSCO/ II.TPIPIPIOT.DEGRAD.RADDEGVKMETR.ME:TRVKGRAV,
2 RRO.GNU.RHOS,RHOF,GNUS.GNUF,FTMETR.PUNITS.REYSCLI COMPLEX II

CHARACTER*4 PUNITS(2)
REAL TPI,PIPIOT.DEGRAD.RADDEC.VKMER.METRVK,GRAV RHO GNU RHOS.

I RHOF.GXUS,GNUF,F-TMETR5 COMMON /RLDBK/ PSUR(2S).BMK(2S).DK(2S).CAK(2S),HQ,HSPAN,HMNCHD,
2 HAREA.HXCP.EYCP HZCP HGAMMA HYHAT HEAP HLCS,RC(2),RSPAN(2),
2 RMNCHD(2),RAREAý2),RiCPC2).RYCP(25.RZCP(2),RG'AMM'A(2),RYHAT(,z),
2 REAR(2) ,RLCý ,2) ,SQ(2).SSPAN(2),SmNCHO(2),SAREA(2) SXCP(2).
2 SYCF (2) SZCL2) ,SGAMMIA(2),SYHAT(2) SEAR(2) SLCSC2S BQ(2).I 2 DSPAN(25 .BMNCHD(2).BAREA(2),BXCP(2S.BYCP(25.BZCP(2S.BGAM,1A(2),
2 3YHAT(2),BEAR(2).BLCS(2).FO(2),FSPAN(2),FMpNCHD(2) 

FAREA (2)2 FXCP(2),FYCP(2) .FZCP(2 .FGAMq4A(2) .F'YHAT(2) ,FEAR(25 FLCS 2,
2 PO(2.2¾,P5PAN(2.2),PMNCHD(2,2).PAREA(2.2) PXCP(2 2) PYCP(2,2),

2PZCP(2 2) PGAMMA(2,2).PYHAT(2,2).PEAR(ASpc( 25i12 STADMPU0Sý,SHPDMP(10,8).ENCON.WPHI,?PHI,WMELM(4,9S,SýFELM(4,9 8)
2 REELM(4 9 8),PEE-LM(4,9,0),FEELM(4,9,8).HEELM(49,9),BEE.LM(4.6,85,
2 ENWM,ENSFý8,8) ,ENRE(8) .ENPE(8) ,ENFE(8) .ENHE(8) ,ENBE(8),
2 ENEMV(8,8).ENRL(8).ENPLC8),ENFL(e).ENHL(8),ENSL(e),ENBL(a),

2 ENSHP(8,8).RELM(4,9),ITS(25),RD(25).EDDY(8,2S) ,RGBC2S)
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RMA RDBLK(2692)1
&QUIVALENCE (PSVR(l),RDDLX(i))

COMPLEX TAF(3 , FGC, CTERM, ZERO

DO10 Iul 3 -
TAF(I) ZERO

10 CONTINUE
FGCa ((FM (1)-ONGE2.FKC3))+II.0MGE.FK(2))/C((FA(1I-ONGE2*FA (3)) +

2 II#OMGE*FA 2 ).((FEC 1)-OMGE2*FD(3))+II.OMGE*FB(2 j-
DO 30 K-1,NFISET
XCP aFlCP(K)
ARM a MNCHDCX/6
YNAT aFYHAT(K)
AP a PIeRUO.FSPAN(K)*(FMXCHD(K)/2)**2
TEMP a FLCS(K)
IF (IFCLCS !EQ. 1) TEMP = FCLCS(IV,K)
FZ -(RHO/2).FAREA(K)*TEMP
SINGAM a SIN (FAMMA(K)DEGRAD)
CTERM a FGC.(ARN.AP.OMGE2-II*OMGE*CARM*FZ-3*AP)*V+FZ*V*V)I
M2 1

IF (FNIMAG(K) -EQ. 2) MI 2
* SIN(IR0-GAMMA)zSIN (GAMMA) FOR FIN ON STED SIDE

DO 20 N=1,M1
TAT (1) = TAT (I) -SINGAM.CTERM
TA (2) = TAF (2) *YHAT*CTERM
TAF (3) = TAF (3) -SINGAMOXCP*CTERM

20 CONTINUE
30 CONTINUE

RETURN
END

C DECK ADRES3
SUBROUTINE ADRES (NLNU.MOTVMOTLE3VHJL,H7,RA01 ,PHS1.RAO2,PHS2,

2 OMEGA,NMOT,NPLANE.NOMEGA,RAODEGCOSMURHD,IPHS)

COMPLEX MOTV(NMOT.NOMtEGA) .MOTL(NMOT,NOMEGA) ,H3V(NMOTNOMEGA),
2 HJL(NMOTNOMEGA).H7(NOMEGA).ARES.TEMPLI

DIMENSION RAOI(INOEGA) .PHSI(XOMEGA),RA02(NOMEGA) .PHS2(NOMEGA),
2 OMEGA(NOMEGA)

DO 30 I=NL.NU
DO 20 J=1,NPLANE
ARES H7(IH)
DO 10 N=1,NMOT
TEMPL c MOTL(N.I)

ARES =ARES 4 MOTV(N,I)oHJV(N.I) + MOTL(N,I)sHIL(N.I)
MOTL(N.I) zTEMPL

10 CONTINUE
TEMP r- 0. S*RfOeOMEGA (I)@ COSVJoA I HAG (ARES)I
IF (3 .EQ. 1) P.AC!(I) rTEMPP
IF (3 .EQ. 2) RAO2(I) =TEMP
IF (IPHS.EQ.1 .AND. J.EZ 1) PMSI('A) a 0.
IF (IPRS.EQ.l AND- J.E.^ 2) 1M() 8 0.

20 CONTINUE£

END

C DECK AINPUT
SUBROUTINE AINPUT

COMMON /10/ SYSFILPOTFIh.COFFILLcorlL,ICARDI.TEXFIL.IPRIN.
2SCRFILHPLFIL.LRAFIL.ORGFIL.RAOFIL.RMSFILSEVFIL,SPDFIL,I

2 SPTFILLACFIL.LAEFIL
INTEGER SYSFIL,POTFIL.COFFIL.,LCOFIL.ICARD,TEXFIL, IPRIN.

2 SCRFIL,HPLFIL.LRAFIL.ORCFTLh.RAOFIL.,RMSFIL.SEVFIL.SPDFIL,
2 SPTFILL.ACFIL.LAEFIL
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COMMONI /SNPSYS/ FIS,AS.SISSOS,SDS,HALOS,DEV,PRN,SMPPS,SMPIS.
2 SNtPOS,SMPDSSHPTYPSSHIPS.VAR.SCYCLS,TITLES,OPTION,LSIS,LSOS,
2 LSDS LEALOS LDEV LPRN *LSMPPS.*LSMPIS ,LSXPOS,LSMPDS *LSEPTYPS,
2 LSHIiS,LTIfLES

-CHARACTER* 100 AS
CHARACTEReSO FIS ,SIS,*SOS, SDS,*TITLES
CHARACTER02O HALOS ,DEV,PRI ,SMPPS ISKPISSNPOS ,SMPDSSHPTYPS
CHARACTER SIIPS06 ,VARSe2 .CYCLS*2
IETEGR*2 OPTION
CHARICTER*4 ALINE(20)

FIS aSIS(1:LSIS)//'.INP'I ~OPEN (UNITBICARD, FILEaFIS ,STATUS.' OLD')

LC 0
10 L=L + I

IF (MOD(L,50) .EQ. 1) WRITE CIPRIN.1000) (I,1:1,8)
1000 FORMAT (181.42X.21HI N P U T C A R D S//SOX,6HCOLUMN/BX,

2 8(9X,11)/82 CARD S8C10H1234667890)/)
READ (ICARD,1010) ALIKE
WRITE (IPRIN 1020) L.ALINE

1010 FORMAT (20A4S
1020 FORMAT (1X,14.3X.20A4)

IF (ALINEWi .NE. 'STOP') GO TO 10

CLOSE (UNI1=ICARfl)1 RETURN
END

£C DECK ALAGif ~FUNCTION ALAG(X

* this function sets ALOG(X)=O when x;-O

IF (X .LE. 1. E-08) GO To 7I ALAG=ALOG (X)
GO TO 8

7 ALAG=O.

8 RETURN£ END
C DECK ALGRNG

SUBROUTINE ALGRNG (N.W.S.AREA)

0 This subroutine computes the area under the curve for a particular
0 spectrum. An odd number of points (frequencies) should be used.

I DIMENSION WCN),S(N)
MN=N-2
AREAxO.
TEMP t 0.I DO 20 M=l MN 2
AzW4+M2)-W(MS
BzW (M+2 ) -W(M*I)
C=WhNI(,)-W(K)
PAREA =A*A/6.e(S(N @(3 .OCA)/(AOC)4S(M*1)*A/(B*C)+
2S(M*2)*(2.oA-3.*C)/(A*B))
TEMP r PARLA
IF (PAREA .LT. 0.) TEMP c 0.
AREA =AREA + TEMP

20 CONTINUE
IF (MOD(I,2)_E-) GO TO 30
DELW W4N) V- 2
DELS S 5 ) - S(N-1)
AREA :AREA + S(1-i)*DELW + Sb*DELS*DELW

30 CONTINUE



AREA uADS(AREA)

C DECK AND
SUBROUTINE AND (ONEGAETELEM ,TV, TL)

* UNPACKS ZERO-SPEED ADDED MASS AND DAMPING AND ADDS FORWARD SPEED
* TERMSI

CONNON /CH3D/ ISIGMA.SIGMIl,SIGKAX,V.SINNU COSKU,WTSI.
2 INNINIMNAX,IMDEL,LMIN ,LMAX
REAL SIGMIN,SIGMAXVSINMU,COSMU,WTSI(4)

INTEGER ISIGMA,IMMIN .IMMAXINDEL,LMIN,LMAX
COMMON /ENVIOR/ VX,NVK,MU,NMU,OMEGA,1NOEGA,SIGMA,NSIGMA.SIGWH,

1I SIGWETMODAL.NTMOD.NRANG.RANG.RLANG.S.NNMU.FRNUM.VFS
INTEGER NVK.NMU,NOMEGA,NSIGMA,NSIGWHNTMODDNRANG,NIMU(8)
REAL VK(8),MlJ 37,8),OMEGA(30),SIGMA(1O) SIGWHC4).TMODLL(8),

2 RLANG(S) ,RLANG(8), S(30.8),FRIUN(8).VFS(8ý

COMMON /PRYSCO/ II.TPI.PI,PIOT.DEGRAD,RADDEG,VMMETR,NETRVK,GRAV,
2 RHO,GNU,RHOS,RHOFGNUS.tIEF.TMETR,PUNITS,REYSCL

COMPLEX III
CHARACTER*4 PUNITS(2)
REAL TPI,PIPIOT,DEGRADRLADDEG,VKMETR.METRVX.,GRAV,RHO,GNU,RHOS,

1 REOF,GNUS,GNUF,FTMETR
COMMON /STATE/ LATVRT.LOADS .ADDRES ,SALT, HEAD .EXROLLBKEELI
LOGICAL LAT,VRT.LOADSADDRES,SALT.HEAD,EXRCLL.BKEEL.

COMPLEX TELEM(4.9.1O)

COMPLEX T3D(I0),TVC3.3).TL(3,3)I

DATA ((LDX(I,a).a=1.6).1=1,6)
4/1, 0. 0, 0, 0, 0,
4 0, S, 0, 8, 0, 9.
* 0, 0. 2, 0, 4. 0,

+ 0. -8. 0. 6. 0. 10,
* 0, 0. -4. 0, 3, 0,
+ 0, -9, 0.-1O, 0, 7/

DO 20 Lai 10I
T3D(L) - ýO.0,O.0)

20 CONTINUE
DO 40 L=LMII,LMAX
DO 30 K=1,4
T3D(L) cT3DCL) * VTSI(IOOTELEM(K.ISIGNA.L)

30 CONTINUE
40 CONTINUE

IF(.IOT.VRT) GO TO 3
DO 1 Iul,3
IDX=2*I-1
DO 2 Jo.13

L=LDX(IDX JOX)f
IF(L.EQ.OS TV(! ,I)zCC.C.C .0)
IFýL.T.O) TV (I.J)z73D(L'

IF .I..O)TV (IJ)&TV(;.iI)
CONTINUE

CONTINUEI
TV2 (3):TVC2,3).V.Tv(2.2)/(I.ODMEGAE)
Tv(3:2) TV(3 .2)-V*TV(2.2)/( I!.OMECAE)
TV (3,3)uTV(3,3)*VV*'V.V(2.2)/OMEGAE..2
IF (.10T. LAT) GO T0 6

3 CONTINUE
DO 4 Iml.3
IDXt2oI
DO 6 31l.3
JDX=2.3
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I L.EQO I! TL'IIJ () 0(.0.)
IF (L.GT. TL~ .3::fT3D(L)
IF(L.LT.O) TL( IJ)ufl(J,I)

6CONTINUE
4 CONTINUE

TL 13 TLl. )-VTL (11 II*OMEGAE)
TL 2,3 *T ,3) -V*T (2 1)/ II*OMFGAE,
TL 3,uh3) +VTL (1:1j1t Ie,(G

T 2aL 3:'TK 2 )+Vt. (1,2)( IcOMEGAL)

,6 CONTINUE ,)*VVf(,)fjGE2

RETURN
END

C DECK AM`DPRN
SUBROUTINE AMDPRN (PROMG,EPROMG)

*nondimensionalizes and prints zero-spee..* added mass and dam~ping

COMMON /EIVIOR/ VX.IVK,MtJ,NMU.OMEGA,NOMEGA,SIGMA,NSIGMA,SIGWH,
1 ISIGWHTMODAL,!ThODNKANG,RANG.RLANGS.UNNU,FRNUM,VFS
INTEGER 1VX,NMUIOMEGANSIGMA,NSIGW1H.RTNOD,.NRANG,NNMrJ(B)

REAL VX(8),MU 37 8),OMEGA(30),SIGMA(1O) SIGWH(4),TMODAL(B).

COMMON /GEOM/ I.NSTATN,Y.Z.NOFSET,LPP.DEAM.DRAFT,LCF.
IVCG,GMDELGM,NEBLA,KPITCH.XROLLKYAW.KYAWVRL,AWP,V.CE4,FBDX,FBDY,I2 rBDz,NFREBD,XPT.YPT.2PT.NPTS.LCB,GML.ASTAT.BSTAT,TITLE,MASS,
2DISPLM,IPITCHIROLLIYAWIYAWFL.CRFAVE,CPITC-H,CHEAPI,CROLL,
; AftEAMX,WSURF,GIRT-H,FBDZVDBLWL,TLCiB

4--TEGE.R XSTATN NOFSET( 26) ,NFREBD.W PTS
CHARACTER*4 TITLE(20)I REAL X(25),Y(IO.25).Z(1O.2S),rEDZV(8,1C),I.PP,BEAN,DBLWL,TLCB,

2 DRAFT,LCF.VC'2 CM DELGPE.NEBLA. KP ITCH. KROLL KYAW !'YAWRI.,AWP.VCB,
2 FBDX(1O) FBDY~2oS.FDZ1O).XPT(1O),YPT,(1O5,ZPT(I).LCE,GML,
4 ASTjkT(25S,BSTAT(26),MASS.DISPLM.IPXTCR,1ROLLIYAW,
5 IYAWRL,CHEAVE,CPITCH.CHEAPI.CROLL,AREAMXWSURF,GIRTH(2S)

COMMON /IQ/ SYSFIL.POS-FIL.COFFIL,LCOFIL,ICARD,TEXFIL,IPRIN,
2 SCRFI , HPLF-ýL.LRAFIL,.ORGFIL.RAOFIL.RMSFIL .SEVFIL,SPDFIL,
2 SPTIFIL.LACFIL.LAEFILIINTEGER sysrILP0TFIL.COFFIL.LCOFILICAFLn.TEXFIL,IPRIN,
2 SCRFIL,HPLFILLLRAFIL.ORGFILRAOFIL.RMSFIL,SEVFIL,SPDFIL,
2 SPTFIL,LACFIL.LAEFIL

COMMON /PHYSCO/ II .TPI,P1,PIOT.DECRAD.RADDEG.V1(METRMETRVK,GRAV.
2 PR~OGNURHOS.RHOF.GNUS.GNUF.FTMETR.PUMITS,REYSCL

CH1ARACTER*4 PUNITS(2)

LOGICAL LAT.VRT.LOADS.AZDRES.SALT.HEAD.EXROLL.BKEE-L

COMPLEX 7LLEM(4,.l.1C

DIMENSION LPWR(IOý.L2,X(IS)

riMEWSION AIL(CO
COMPLEX TC0VM
DIMENSION PiACMG(3O)

DATA LPWR/OC21C...2
DATA LDX /1.3.',9246781'

SRGDLzSQRT(GPAV/LPP)
LMINeI
IF(.N0T.VRT) LMINz63 LNAX 10

7 3



IP(%.0T.L&T) LMAX&4 ..-

DO, i I-1,10

D0 2 Jal,*PRO2MG
B(I,3)n0.

2 CONTINUE

WRITE (IPRIN ,601) T!TLE
VRITE (IPRI 1,602)

DO 3 IOMEGA=1,NPCIZiG

I SCALT 2RHO*lEBLA^LPP~wLPWiR L)
L5CALEwASCALE :SRGDL
CAL.L CPLVAL (SIGNA.1SIGMA,TEL.z.(IJ,l,L) ,PRoNG(i0Y&GA),?.

I CDUM IDUM)
AýLL-REL(T)(-PONCIOKEGA).*2)/ASCALE

B LL .7MEGA) AIMACMT F!.OMG(lOXEGA)/BSCkLE
4 CONTINUE

CMGND=PFOMG(IriMEGA) /SRj.JLI
WRITE (IPRIN,604) 0MGVD,(A(L),Lzl,10)

3 COTIN~UE
WRITE (IPRIN.6O3)
t'o S~ £0¶EGA=1,v?,iOMG
OMGND-PROMG(IOMEGA )/SRGDI.

5 CO1JTINýE
WRITE (IPRIW,605)

601 FORMAT (lH1,23X.20A4//42X,
2 46HZERO-SPEED ADDED--MASS AND 1LAMPING COEFFICIENTS//M

602 FORMAT (' NON--DIMENSIONAL. ADDFED-MASS'//
I ' SIGMA'.3X.'A(1.1)'.6X.,A(2,,)1,6X,'A(3,3)'.6X,'A(4,4)',6X,

603 FORMAT (/' XON-DIMENSIONAL. DAMPING'//
I SIM:3,BI1'GB22'6.B(3 3)':6X 'B(4.4)',MX
I 'E(5.S)'.6X,'B(6.6)',6X,'B(2,4)',61,'fB(2.6)',6X,'R(.),X
2 'B(4.6)'/)

604 FORMAT V1XF63.IP1OEI2.4)I
606 FORMAT D/I %SIGMA IS NON-DIMENSIONAL FREQUENCY)')

RETURN
END

C DECK ATAN2D
FUNCTION ATAN2D (EA,RADDEG)

a~rcta~ngint function in degrees for an~y quadrant3

DATA EPS /l.E-10/

IF (B .EQ. 0.) ATAN2O 0.
IF (B .GT. 0.) ATAN2D = 90.
IF (AbS .LT. 0 PS) ATA12D ATA:(.A90DDG
IF (ABSA GL T 0. S) ATAN2D =-RO.(,A*ADE

RETURN

ENDI
C DECK ATAN3

FUNCTION ATAN3(I.Y)

*this function is to take care of the case of ATAN2(O,0)3

Al: AES(X)
AY=ABS,'Y)
XF(AX .LE.I.E-08 .AND.AY LT i E-08) GO 71) F

ATAN3rATAN2(X ,Y)
6 ATAN3O0.

10 RETURN3
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END

C DECK BILGEK
SUBROUYTINE DILOEX (IBLGK)I * calculates bilg keel damping using nethod of KATO

W . R. MCCEIGHT, DTUSRDC

COMMON /APPEFD/ IBKSET.IDKSTI(2) .EKIMAG(2) ,BKFS(2),BKIS(2),*2 BKWD 2),BKSTN(10,2,,BKHD(10,2),BKLUTH BKWDTH
2 DKVL(10 2) .DKAI( '0'2),NSKSETSKIMAG(2S.SKFLSt2),SKALS(2).
2 SKAUS(25 ,SKU(2) SKFLWL(2) ,SKALWL(2) ,SKAUWL(2) ,NRDSE'T.RDINAG(2)
2 RDRFS (2).R.DRAS(21 RDRHB (2)RDRFWL(2) R.DRAWL(2).,RDTffi 2 RDTAS(25
2 RDTHB(2) RDTFWL(25 RDTAWL(2) ISBSET.SBIMAGC2).SOBRFS (2) SOBRAS(25
2,SODRHB 2ý SOBRFW 2 ,SOBRAW(25,SIBRFS(2).SIBRAS(2).SIBRRHB(2).
2 SIDRPV 2 *SIBRAW(2 .SBTTS(2),SBTAS(2),SBTEB(2).SBTFWL(2).
2 SBTAWL(2) IFNSET FNIMAGC2) FNRFS(2),FORAS(2),

* 2 FNftHB(2) fIRFVL"i) FIRAWL(2) VITFS(2).FffTAS(2).FWT`HBC2),
2 FNTFWL(25 ,FXTAVL(25, F!XPRLD ,EiRDO(S) ,ENIRDS(S)

COMMON /CII3D/ ISIGMA !MIN.SIGMAX,V,SIIHU.COSM1JWTSI.
2 IMMIN.IMMAX,IMDr.L,LM~. .LMAX
REAL SIGMIN.SIGMAX.V,SINMU,COSMUWTSI(4)A INTEGER ISIG14A.IMHIN,IMMAX,IMtDELLMIN,LHAX

COMMON /ERVIOR/ VK,NVrK,NU,NK¶J,OHEGA,NOMEGA,SIGMA.NSIGMA.SIGWH,
NSIGWH,TMODAL, M OD.NRANG,RANG,RLANG,S,NNMU,FRNUM,VFS
INTEGER NVK,NM'J,X0MEGA.NSIGMA,NSIGWHNTMOD,NRANGNNMU(8)
REAL VX(8) XU( 37,8),OMFEGA(30),SIGMA(1O) SIGWH(4),TMODALC8).
RAG8)RANG ()S(30. 8), FRNUM(8),.rFS(85

COMMON /GEOM/ X.NST. ,Y.Z.NOFSET.LPP,BEAM,DRAFT,LCF,
SVCG,GM,DELGM.NEBLAK .TCH,KROLL.KYAWKYAWRL.AWP,"CB,FBDX,FBDY,

2 ýBD2,NF'REBD,XPTYPT,7.PT,NPTS,LCB,GMLASTAT,BSTAT.TITLE.MASS,32 DISPLM,IPITCH.AIROLL,IYAW.IYAWRLL.CXEAVE,CPITCHCHEAPI,CROLL,
2 AREAMX,WSURF,GIRTtT,FBDZV DBLWL,TLCB

INTEGER NSTATN.NOFSET(20S.WFREBD,NPTS
CM.AP.ACTER*4 TITLE(.")I iRLAL X(25) ,Y(1O,25).Z(10,26).FBDZV(8,1O) ,LPP,BEAM,DBLWL,TLCB,

2 DRAFT.LCFVCG GM DELGM NEBLA,KPITCH KROLL KYAWKYAWRL.AWP.VCB,
2 FBDX(10) FBDY(1OS.FBDZ(10),XPT(10),YPT(10S,ZPT(1O),LCB,GML,
4 ASTATC2SSBSTAT(2S).MASS.DISPLM.IPITCH,IROLLIYAW,
6 IYAWRL,CHEAVE.CPITCH,CHfEAPI.CROLLAREAMX.WSURF,GIRTH(25)I COMMON /PHYSCO/ II.TPI.PI,PIOT.DEGRADRADDEGVKMETR,METRVK,GRAV,
2 RHD,GNU.RHOS,RHDF,GNUS.GNUF,PThETfl,PUN:TS,REYSC-L

COMPLEX II
CHARACTER*4 PUN7TS(2)
REAL T I.PI,PIOTDEGRAD.kADDEG,VXMETR.METRVX.GRAV,RHO,GNU,RHOS,

I RHOFGNIJS.GNUF.F1METR

COMMON /IRDGEO/ BKLEN.WBKMAI,DLBKEL(25) ,SRBS(25) ,PHIS(25),CPS(26),
2 BKT(2S).RXS(2S),SSTR(25)

COMMON /RLDBK/ PSUR(25).BMv:(25).DK(26).CAK(25).NQ.HSPAN,.HNCHD,
2 :!AREA,HXCP,HYCP,HZCP,HCAMMA HYHAT HEAR.HLCS,RQ(2).RSPANC2ý,
2 RMNCHD(2).RAREA(2;.RXCP(2ý.RYCP(2S,RZCP(2).RGAMMAC2),RYHAT(2),
2 REAR(2).RLCS\2).SC,'2.SSPANý2).SMNCHD(2),SAREA(2) SXCP(2),
2SYCP(2) .S7.CP(2).SGAPMA(2)LSYHAT(2),SEAR(2) SLcS(2S BQ(2).'
2 SPAN (2),BiMNCHD(2),BARLA(2),BXCP(2),BYCP(25,BZCP(2),BGAMMA(2),

2 BYHAT(2),BEAR(2),B1.Cs,2),FO02,,FSPAN(2).FMNrHrl(2) FAREA(2)
2 FXCP(2),FYCP(2).FZCP(2).FGAMMA(2).FYHAT(2),FEAR'2~ FLCS 2).
2 P0(2,2) ,PSPAN'2,2),PMNCHD(2,2) .PAREAC2,,2)JPXCP(2.25 ý PYCP(2 .2),
2 PZCP(,22) PG,*MA(2.2).PYHA7(2.2).PEAR(ý2,2;PLCSC22S,'
2 STAD'MP(1Oj),$HP'fMP(1QC) b.EXCON,WPHI,TPHI.WMELM(4 9cý SFELM(4 9 8)
2 FLEELM(4 9 8) PEE-L)(4,6.8).FEELM(4 9 8? IHEEL'i(4,6.85.BEELM4,6,85,
2 ENUM,EN~sF,)ER(.EP8.NE8EPH()EE(,

2ENLMV(E,R),ENP.L(8),EI'PL(6),ENrL'8),ENHIL(8).ENSL(8),ENBL(8),3mH~~)Rt,., .rrsL(5.DYF,5 G(s
REAL RDLY(269"

EI1VLXL(5U"1 DD(



REAL KAPPA.KG.LANSBDA,LIKUEL ..-

CHAP.ACTF.R.4 METER

EXTERNAL LIP5

DATA RE PaKETE'/

LBKEELwBKLEN
ISM - ISTATT - I
DO 40 K=2,NSP
-IF (IOFSET (K) .LT. 2) GO TO 40
IF (DLBKEL K) EQ. 0.) GO TO 40
JIODES a NOFSETi(X)
A=RD (K)
BLOCAL a 2.BNK(K)
KG = VCG + TLOCAL
BBKEEL xBKWD(IBLGK)
PHI-PEISCK
COSPBI-CPS(KW

SS - SSTR(K
SRB=SRBS (K)
RF=SRB*Y ( NODES.K)
EPS CATAI(CS RB I
CO=I000.*(1 .44+3.8oPHIe.3)
KAPPA zR.p(1.O + RF/BLOCAL)e.2 ISORT(BLOCAL.KG/2.)
XI=BBKEELL/(PK*PHI .0 .7S)
AW=1 .40.2.O3@-EXP(-26.oXI)
ALPA=2. .0-AN
(.j=t! .0+3. S*EXP (-9. 0.KAPPA)
SGM=2. O*BBKEEL/LBXEEL
CN=1 .98oEXP(-5.6*SGM)

Q =PS2.(0.6.BLOCAL*TAN(PI/4. - EPSI2.) + R - KG) 0 SIN(PI/4. +
PO K G - TLOCALI3. - 2.*RF/3.

PI=0.88*(KG - TLOCAL - O.64*(BLOCAL/2. - (TLOCAL - RF)*TAN(
2 PI/4. EPS/2.)))

LAMBDA = R/(TLOCAL - RFo(BLOCAL - 2.*R)/BLDCAL)I
FLAMB2I .34*SlW(PIoLAMBDA/'3.6)/

I (1.0.O.162.SIN(PI.(LAMBDA-0.9)/1.B))
BCIRC zCOSPHI + SS.(O+P0-(PO-P1).FLAMB)/(2.*BBKEEL.RK)
DAKEEL=2. 0.DLBKE.L (K) .DDXEEL
CON =4.O.RHO/(3.0.pI)*CK'CN.ECIRCsDAKEEL.RK..3I
DO 30 IAI.NRANG
D0 20 IS= I*NSIGMA
PERE zTPI/SIGMA(IS)
F = R(oRANG(IA )*PHI a* .7/(PEREeSQRT(BBKEEL))

F ust be ini motors

IF (PUrITS(l) RNE METER) F zF*SORT(rTMETR)
CS zC~oF##(-ALPhA)/('2.08,1000.0)
CA =1.I

RNr(8.*BBKEEL*RX*RA5G(IA) / (PEREOGIU)) * REYSCL
IF (RN .GE. 1000.) GO TO 17
ALIORN a ALOG(RN)/ALO*Z(10

17 CONTINUE
STAOMP(IS) z CON.CS*CA9S!GMA(lS)*RAUG~lA)
STADMP (IS) cSICMA(IS~oSTAD~lP(lS)
SHPDMP(IS,lA) aSHPDMP(IS.ZA) * STADMPCIS)

30 CONTINUEI
20 CONTINUJE
40 CONTINUE

RET'URN

C DECY RFEDDY
511BROUTINE BY.EVDY



COMMON /APPEWD/ NDKSET.NBKSTN(2) .BKIMAG(2) ,BKFSC2) ,BKhSC2),
2 BKVD(2),BKSTI(1O.2),DKU8(1O,2),BKLNTH BKVDTH
2 BKIWL(10 2) ,BKAN(1O,2),USKSET,SKIMAGC2L.SKFLSt2).SKALS(2).
2 SKAUS 2J.SKIB(2) SKFLViL(2 *SKALWL(2) ,SKLUWL(2) :URDSETRDIMAG(2)
2RDRFS 2 .RDLAS(25 RDREBB(2)1.RDRFVL(2) RDRAWL(2) RDTFSý (2RDTAS(25 - -I ~2 RDTIB (2) RD~TFWL(25 RDTAWLC2) NSESET SBIKtAG(2).SCBRFS (2) SOBRAS(25

2,SOBRHBý3 (2SOBR W(25 ,SOBRAW(2ýS.SBRFS(2),SIBRAS(2),SIBRHB(2).
2 SIBRFW (2 SIIRFAWR(2 ,SDTFS(2),SBTAS(2),SETHB(2),SBTFWL(2),
.2 SBTAWL (2) IFWSET,FllIMAG(2),FNRFS(2) FIRkS(2)
2 FNlUB(2) FNRFWL(2) FERtAWL(2).FITS(2),FUrTAS(i),IFIITB(2),

2 FI1'VWLC25 .FITAWL(25 ,NUPRD,EIRDO(B) ,EURDS(8)

COMMON /CH3D/ ISIGMA,SIGMINSIGKAZV,SIINM.COSMU,WTSI,
2 IMMII,IMMAX,IMDEL,LMIN ,LMAX
REAL SIGNIISIGMAX V SIIM1JCOSMU,WTSI(4)
INTEGER ISIGJIA.INMIN.IMMAX.IMDE.L,LMIN,LKAX

COMMON /ENVIOR/ VK,NVXM1J.NMIJ,DMEGAIOMEGA.SIGNA,NSIGNA,SIGWH,
1 XSIGWHTNODAL.NTNOD.NRANG,RANG.RLANGSNNMIJ,FRNUN.VFSI ~INTECER NvK,NMU,NOMEGA NSIGMA.NSIGWH ITHOD.NRANG,NNMIJ(B)

REAL VXC8).MU (37,B),flMEGA(30),SIGMA(10) SIGWH(4),ThODAL(B),
2 B.ANG(8),RLLANG (8). 5(30, 8),FRNUH(8),VFS(85

COMMON /GEOM/ X,NSTATN.Y.ZNCFSET,LPP.BEAM,DRAFT,LCF.II VCGGM,DELGM.NEBLA,KPITCH.KROLL,KYAW.KYAWRL,AWP,VCBFBDXFBDY.
2 FBDZ,NFREBD,XPT,YPTZPTNPTS.LCBGML.ASTATBSTAT.TITLE.MASS.
2 DISPLM,IPITCB,IR0LL.IYAW.IYAWFRL,CREAVE.CPITCH,CHEAPICROLL,
2 AREAMX.WSURLF.GIRTHFDDZV I DBLWL. LCS

INTEER STANNFSE(2S,WFRE-BDNPTSI CHARACTER*4 TITLE(20)
REAL X(26).Y(IO,25).Z(10.2S).FBDZV(8,10),LPP,BEAM.DBLVL,TLCB,

2 DRAFT,LCF VCG GM DELGM.NEBLA.KPITCR.KROLL KYAWKYAWRL,AWP.VCB,
2 FBDX(10) FBDY(1OS,FBDZ(10),XPT(10),YPT(1OS.ZPT(10).LCBGML.
4 ASTATC2SS .BSTAT(25) .MASS,DISPL.M,IPITCH.IROLL,IYAW,

6 IYAWR.L.CHEAVE,CPITCE.CHEAPI,CROLL.AREAMX,WSURF,GiRTH(26)
COMMON /RLDBK/ PSUR(26).BMK(25),DK(25).CAK(25) HQHSPANRMNCHD,

2 EAREA,HXCP,HYCP.HZCP.HGAKMA,HYHAT.HEAR.HLCSRO(2),RSPAN(2),
2 RMNCHD(2) RAREA(2) RXCP(2),RYCP(2).RZCP(2),RGAMMA(2) RYHAT(2),I 2 REAR 2).RLCS(2).SQt2),SSPAN(2).SMNCHD(2),SAREA(2) SXCP(2),
:2 SYCP(2) SZCP(2).SGAPMMA(2).SYHAT(2) SEAR(2) SLCS(2i BQ(2),
2 BSPAN (2ý ,BMNCHD(2),BAREA(2),BXCP(2S.BYCP(2KE"ICP ,PrAMMA(2),
2BYHAT(2) .BEAR(2).BLCS(2).FQO ),FSPAN(2),)- -7K ).I 2 FXCP(2),FYCP(2),FZCP(2).FGAMP4A(2).FYHAT( -
2 PQ(2,2),PSPANd(2,2),PMNCHD(2,2).PAREA(2,2 r'ý' ,~
2 PZCP(2 2) PGAMMA(2,2),PYHAT(2.2),PEAR(2, PC(,.
2 STADMPC1OS,SHPDMP(10,8),ENCONWPIII.TPHiI.; ~'F!'4 9) SFF'M(4 9 8)
2 REELM(4.9,8),PEELM(4,9,8).FEEL-M(4,9,8).HL ~'498eEx.,,5
2ENWM.ENSF(8,8).ENRE(8),ENPE(8).ENFE(8),ENPL.,8),ENBE(8),
2ENEMV (8.8).ENRL(8).ENPL(8).ENF'L(8) ENHL(8).ENSL(8),ENBL(8),

2 ENSHP (8 *8).RELM(4.Q).ITSC2!4.RLD(25?).E-DDY(8,2S).RGB(25)
REAL RDBU((2692)3 ~EQUIVALENCE (PSUR( 1) .FRDBL( ))

DO 20 IA=l,NRAIC
ENBE(IA) c0
DO 10 IS=1,XSIGMA
SHPDMP(ISIA) =0I10 CONTINUE

20 CONTINUE
IF (NDKSE'T EO. 0) GO T0 100
D0 30 i'1.NXBXSET
CALL CALRCM (I)3 ~CALL BILGF-K (,)

30 CONTINUE
DO 40 IA.=1,NRAXG
CALL SPFIT (SICMA.SHPDMP(14IA),BEELM(1.1,IA),NSIGMA)I EPIBEUIA) zENCON.REVAL(BELLM(1,ISIGMA,IA),WTSI)

40 CONTI'OUE
100 CUNlTINUE3 RETURN

I-

Iohm



mI
C DECK BKLIFT

SUBROUTINE DKLIVT

COMMON AhPPENYD/ NDKSET,IBKSTJC2),BKINAG(2),BKFSC2),BKAS(2),
--2 IKWD(2),IKSTN(1O,2),IXHS(10,2),DKLNT BKWDTh
2 BKWL (10 2) .BKANI(102),NSKSET,SKIMAG(2S,SKFLSt2),SKALS(2),
2 SKAUS 2 ,SKES(2) SKFLWL(2) ,SKALWL(2) ,SKAUVL 2 IIRtDSET,RDIMAG(2)
2 RDRPS 2 *RDRAS(25 RDRBD (2) RDRMW(2) .RDRAWL(2) RDTFSf2l RDTAS(21

DTB2RDTFIWL(21 R~DTAWL(2) NSBSET,SDIPLAG(2).SDF ORS2
2 SOBRI (25 PSOBRFW(25 ,SOBRAW(2ý,SIBRFS(2) SI~ftAS(2),SISRHB(2),
2 SIBRFW(2) ,SIDRAW(2) ,SBTFS(2),SBTASC2),SBiTHB(2),SBTFWL(2),
2 SBTAVL(2) WFNSET.FNIIAG(2).FNRFS(2),FIRAS(2),
2FNRHS(2) FIRFWL(2) FURAUL(2).FNTFS(2) FNTAS(2),FNTHB(2),I

2 FNTFWL2S.FKTAWL(25,NEXPRD.EIRDO(8),EIRDS(8)

COMMON /ENVIOR/ VK,IVK,NU,JKU,OMEGA.NONEGA,SIGMA,NSIGWA,SIGWH,
I NSIGWH,TMODAL.,NTHODNRADIG.RANGRLANG,S,NNK1J,FRNUM,VFS
INTEGER NVX.IMU,NOMEGA.ISIGMA.NSIGWH,NTMOD,NRANGYINHtI(8)I
REAL VK(8).IqJ(37,8).OMEGA(30),SIGMA(O) SIGWH(4),TNODAL(S),

2 RANG(S) ,PLANG C8),S (30,8),FRNUM(8),VFS(BS

COMMON IGEOM/ X,NSTATN,Y,ZNOPSET,LPP,BEAM.DRAFT,LCF,
1 VCGGMDELGM,NEBLA .KPITCE.KROLL.KYAW,KYAWRL.AWP.VCB.FBDXFBDY,
2 FEDZ,IFREBD,XPT.YPT.ZPT,IPTS,LCB.GML,ASTAT.BSTAT.TITLE.KAss,
2 DISPLM.IPITCH.IROLL.IYAW.IYAURLCHEAVE.CPITCHCHEAPI.CROLL,
2 AREANX ,WSIJRFGIRTH .FBDZV DBLWL.TLCB
INTEGER lSTATN NOFSET(2f5, NFREBD ,NPTS
REAL X(25),YCIO.26),Z(10 .25), FBDZV(8,1O),LPP,BEAM,DBLUL,TLCB,I

2 DRAFT LCFVCG GH DELGM NEBLAKPITCH.KROLL KYAW KYAWRL,AWP,VCB,
2 FBDX(iO) FBDY(1OSFBDfZUO),XPT(10).YPT(1OS,ZPT(1O),LCB,GML,
4 ASTAT(255.DSTAT(2S).TITLE(20),MASSDISPLM',IPITCH,IROLL,IYAW.
5 IYAWRL,CEEAVECPITCH.CHEAPI,CROLLAREAMX,WSURF.GIRTH(2&)I

COMMON IHYSCO/ II.TPI,PI,PIOT,DEGRADRADDEG.VKMETh.METRVK.GRAV,
2 RkHO,GNU,RROS,RHOFGNUSG!UF.FMETRPUNITS.REYSCL
COMPLEX II
CHARACTER*4 PUNITS(2)I
REAL TPI,PI,PIOT.DEGR.AD,RADOEG,VKMETR,METRVX,GRAV,RHO,GNURHDS,

I RHOF,GNUS,CINUF,FTMETR

COMMON /RLDBK/ PSUR(25),DMK(2S),DK(26).CAK(25),HQ,RSPANHMNCHD,

2 HAREAHXCP.EYCP,HZCP,EGAMMA,HYHAT HEAR.HLCS,RQ(2),RSPAN(2),
2 RLEAR(2) ,RLCS(2) .S0(2) ,SSPAN(2) ,SMNCKDC2) .SAREA(2) ,SXCP(2),
2 SYCP(2) SZCP(2) SGAMMA(2),SYMAT(2) SEAR(2) SLCS(2) B0(2).
2 BSPAN(2~ .BMNCHD(2).BAREA(2).BXCP(25,BYCP(25,EZCP(2i.BGAMMA(2).
2BYRAT(2),BEAR(2).BLCS(2).FO(2),FSPAN(2),FMNCHD(2) FAREA(2) I

2 FXCP(2).FYCP(2).TZCP(2).FGAMqMA(2).PYHAT(2).FEAR(25 FLCS(2),
2 PQ(2.2),PSPAN(2,2).PMNCHD(2,2),PAREA(2.2) PXCP(2.2S,PYCP(2,2).

2PZCP(2 2) PGAMMA(2.2),PYHAT(2,2).PEAR(2.5PC( 2)
2 STADMPUlOS.SHPDMP(IO0.8).EXCONVPHI.TPHI.WMEiLM(4,95 StELM(4 9 8)
2 REELM(4.9,8),PEE-LM(4.9.8,.FEELM(4 9 8) HEELM(i,6,85,BEELM(4,6,85.I
2 ENVM,ENSF(8,8) .ENRE(8) .ENPE(8 ,ENVEý8) :ENHE8 ,.ENBE(8),
2 ENEMV(8.8).ENRL(8) .ENPL(8).ENFL(8) ENHL(8) ENSL(8),ENBL(B),
2ENSXP(8,8).RELM(4.9).ITS(25,KRf(25S.EDDY(0,25),RGB(25)
REAL RDBLK(269':)

EQUIVALENCE (PSUA 1) ,RDELX( 1))
REAL LCS.MCHORD

IF (N8KSET EQ. 0) GO TO 303

STASPC a LPP/20
D0 20 Kc1,NBKSET
WOKS = NBKSTM(K)
XBKF cLCB - BYFS K)eS -S
XBKA =LCB - BKAS X)'PSTASPC
P1 =381(/2
IF (M .EQ. 0) M aI
Y = BKHB(M.K)3
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I BKF aDKV ~l 1) - DL+VG
ZBKA a BKV!. IBKS K) - (DBLVL+VCG)

DO 10 Ix1.NDKS

- 10 aU -SVM +SKAN(I,K)-

SPNaBKVD(K)
HCHORD sXBKF - XBKA

* area

I AREA a SPAIN*CHORD

* center of pressure

XCP =XBKF - O.5*MCHORD
YCP = YBK + O.6*SPAW
ZCP z(ZBKF + ZBKA)/2

0 moment arm

GAM = GAMPIAeDEGRAD

II YHAT =YCPOCOS(GAM) + ZCP*SIW(GAM)
0 effective aspect ratio3 EAR = 2*SPAN/MCHORD

l ift curve slope

LCS = (PI/2).EAR
BOWK Q
BSPAN(;) 2 SPAN
BMNCHD(K) 2 HCHORD
BAREA(K = AREA
BXCP(K) - XCP
BYCP(K) = YCP3BZCP(K) r C
BGAMMA(K GAMMA

BEAR(K = EARI BLCS(K) =L.CS
EN a EN + Q.(RHO/2).AREA.LCS.YIATOYHAT.WPHI*ENCON

20 CONTINUE
30 CONTINUE

DO 40 lVc1,NVI(I ENB(IV)IF (VBXSET GCT. 0) LIDL(IV) aEN.VVS(IV)
40 CONTINUE

RETUR)I END
C DECI~ B"11

FUNCTION OMAX(N.1)

DIMENSION X(30)
AaI (1)
IF(W.LE.1) GO TO 2
DO 1In12.1I IF(X(I).GT.A) A.ZUl)

2 CONTINUE
2 CONTINUE

BMAZ*A

RETURL'
END

C DECK BR11V5P3 SUBROUTINE RRWVSP (NOK.SIGWH,TO.W.S)



* this routine calculates a BRETSCHIEIDER 2-parameter wave spectrum
* (significant %ve height, nodal wave period)

* VW.G.HEYERS, DTISRDC, 072977T

-DIMNUSION WV(OK) ,S(IOX) . .

EXTERNAL EXP

DATA A,B /487.0626,1948.2444/3
T04 a TO**4

* for Pierson-Moskowitz wavesctu
*T04 . ,.0,3,,SIGW,.:2$ctu

CONi a A*SIGWO*02/T04
C012 aB/T04
DO 10 1.1.10K
W4 : ( )W
WS C I) .W4I
ARG a C012/W4
IF (ARG.GT.60.) S(I)=0.
IF (ARG.GT.6O.) GO TO 10
SCI = CONl/WS.EXP(-ARG)

10 CONTINUE

RETURN
END

CDECK CALRGMI
SUBROUTINE CALRGM (IBLGK)

COMMON /APPEND/ NBKSET,NBKSTN(2) .BKIMAG(2),BKFS(2),BKAS(2),
2 BKVD 2).BKSTN(1O,2).BKRB(1O,2).BKLNTH BKWDTH,

2 BKWL(10 2) ,BKANC10,2),NSKSE'rSKIMAG(25,SXFLS(2),SxALS(2),
2 SKAUS(2,SiSKB(2) SKFLWL(2).SKALWL(2),SKAUWL(2),NRDSET,RDIMAG(2)
2 RDRFS(2.RDRAS(2i RD)RHB(2).RDRLFWL(2).RLDRAWL(2),FRDTFS (2),RDTAS(2S
2 RDTHB(2) RDTFWLC2S RDTAWL(2) NSBSET SBIMAGC2).SOBRFS(2 ,SOBRAS(25
2.SOBRHB 25 .SOBRFW 2S,SOBRAV(2S.SIBRFS(2),S±bRAS(2),SIBRHB(2),
2 SIBRFW 2?,SIBRAW 2). SBTFS(2).SBTAS(2),SBTHB(2).SB'rFWL(2),
2 SBTAWL(2), NFNSET.FNIMAG(2),FNRFS(2),FNRAS(2),
2 FNRHB(2) FNRFWL(2) FNRAWL(2),FNTFS(2),FNTAS(2),FNTHBC2).
2 FNTFWLC25.FNTAWL(25,NEXPRnENR.D0(8),FNJRDS(a)

COMMON /DATINP/ OPTH,.MOTN, BSCF! L. VLA CPR. RAOP R, RLDMPR, DI SPLMT I
2 LRAOPR.ADRPRORGOPTNGMNOM,KG.STATN(25) .NSOF'ST(25),
2 NLEWF(25) HLFBTH(10.2$).VTRLNE(IO.25).BI.EWF(25),TLEWF(25),
2 AREALF(255.NPTLOC.PTNUMB(10).PTNAME,XPT-LDC(l0).YPTLOC(10)
2 ZPTLOC(10),NBB.FBNUMB(10),FBNAME,XPTFBD(lO).YPTFBDCIO),U
2 ZPTFBD(10),FBCODE(10),FBTYPE,RLDOT(10) VKDLS,FNDES,
2 STATNM.STATIS
CHARACTER*4 PTNAME(B.10),FBNAME(8,10).STATNM(S),FBTYPE(3,10)
INTEGER OPTN, MOTO, BSCFILVLACPR, RAOPR. ADRPR, KLDMPR. FBCOrE,I2 FBNUMB ,PTNUMB ,ORGOPTS
REAL KG

COMMON /PHYSCO/ II.TPI .PIPIOT.DEGRAD.RADDEGVKMETh%,METRVK,GRAV.

2RHO, GNU, RHOS, RHOF, GNUS, GNUF'.,FTNETR, PUN ITS. REYSCLI
CHARACTER*4 PUNITS(2)
RFAL TPI, PI ,PI OT. DEGRAD, RADDEG, VJKETR, METRVK. GRAV. RHO, GNU, RHOS,

1 RHOF,GNUS,GNUF,FTMETR3

COMMON /GEOM/ X , STATN. Y.,ZNOFSET.LPP, BEAM, DRAFT, LCF,
1 VCG.GM,DELGMNEBLA.KPITCH.XROLLXYAW.!:YAWRL.AWP,VCBFBDX.FBDY.
2 FBDZ.IFREBD,XPT,YPT.ZPT.NPTS,LCB,GM.L.ASTATBSTAT,TITLE,MASS,
2 DISPLMIPITCH.IROLL.IYAW.IYAWRL..CHEAVE.CPITCHCHEAPI,CROLL,
2AREAMX,WSURLF,GIRTH,FBDZV,DBLWL.TLCiB
INTEGER NSTATN.N0FSET(2S) ,NF'REBD.NPTS
CHARACTER.4 TIT!.E(20)
REAL X(26) .Y(JO.25) ,Z(10,25) .PBDZV(B, 10) .LPP.BEAM.DBLWL,TLCB,

2 DRAFTLCF,VCG,GM.DELGM.NEBLA.KPITCH,KR0LL,KYAW,KYAWRL,AWP.VCB,
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2 P801(i0) FIDY(IO).FBDZ(1O),XPT(1O),YPT(i0),ZPT(10),LCBGNL,
4 hSTAT(265,BPSTAT(25) ,MASSDISPLNIPITCH,IROLLIYA1W
6 IYAVTIL,CHEAVE,CPITCEICHEAPI,CROLL.AREAHXXSURF,GiRTE(25)5 COMMNO /RDGEO/ BKLEN,WDKNAX,DLBKEL(25),SR.BSC25),PHIS(25),CPS(25),
-2BKT(26) .RXS(25) ,SSTR(26)

REAL LBKEEL
LBKEELuO.
IRKS a NBirTN(IBLGK)
STASPC - 1 120
-H a NSTATI
NSH a STATN - I
DO I K&2.ISMI M = MH-I
IF (NOFSEr(K) .LT. 2) GO TO 1
DELTALuO.
SRDcO.
PHICO.

COSPRIZI.

IF (STATNCH) .GT. BKAS(IBLGK) DOR. STATN(M) .LT. BKFS(IBLGK))
2 GO TO 6I IF (STATE M+I)_.GT. BKAS(IBLGK))
2 DEI.TAL = BKAS(IBLGK) - STATN(M))*STASPC

IF (STATE H-I) .LT. BKFS(IBLGK))
2 DELTAL u (STATN(m) - BKFS(IBLGK))eSTASPC

IF (STAT M +1) .LE. BKAS(IBL.GK))I2 DELTAL =DELTAL + (STATN(M+1) - STATN(M))*STASPC/2
IF (STATN(M-1) GE. BKFS (IBLGK))

2 DELTAL = DELTAL +(STAMNM) - STATM(M-1))*STASPC/2
Nt4ODES=NOFSET(K)I DO 10 L=1.NBKS
IF (STATN(M) NIE. BKSTN(L,IBLGK)) GO TO 10
RO a SQRT(BKHB(L,IBLGK)**2 +(BKWL(L.IBL.GK) - (DBLVL+VCG))*e2)
ARG B KAN(L,IBLGK)*DEGRAD
YBKC a BKHB(L.IBLGK) +0.5*BKWD(IBLGK)*COS(ARG)I ZBKC - (BKWL(L.IBLGK) - DBLVL) - O.S*BKWDCIBLGK)*SIN(ARG)
RKK SQRT(YBKC*e2 + (ZBKC-VCG)**2)
PI ASIN(-VCG/RO)
P2 aATAW2(VCG +DBLWL - BKWL(LIBL.G1X)BKHB(L,IBLGK))
PHI Pi + P2
COSPHI aCOSCARG - P2)
Sao.;~
NNM=NNODES-1

3 ~IF (BKIIB(L.IBLGK) GE. Y(JS-1,K)) GO TO 4
SsS+SQRT((Y(JS.K)-Y(JS-1.K))*e2.(Z(JSK)-Z(JS-1,X))002)

3 CONTINUE
4 CONTINUE

S - S + SORTC(Y(JS.X) - BKHBCL.IBLGK))**2 + (Z(JSK)-
2 (BKWL(LIBLGK) - DBLWL))**2)

lind miaimum slope for deadrige calculation in "BILGEX

LS = 2 - I
SRB =(Z(M2.K) - Z(LcS.I()) / CY(M'.K) - Y(LS,.K))
j .7S
DO 130 I=2,M2
j j -1I
ISLOF a EQ 0. 0 TO14

SLOPE z (203,K) - Z(JSI.K)) / (YCJ,K) - Y(JSI.K))3I SLOPE .GT. SRB) GO TO 140

SRB =SLOPE
230 CONTINUE

* extrapolate slope to centerline to get local draft



5

(ezcluding skeg offsets)

140 BKT(K) - Z(LS,K) SRB*Y(LS K)
IF (BKT(K) .LT. Z(1.K)) BKT(K) = Z(1.K)
LBKEEL=LBKEEL+DELTAL -

6 cOrrINUEDLBKEL (K) =DELTAL

SIBS S(K)-SBR
PHIS (K) uPHIcpsýx)-cosPsI
RKS K )"
SSTR(K)=SICONITINUEI
BK1.•=LBKEEL

RETURN
END

C DECK CDCOMP
SUBROUTINE CDCOMP ( N, NDIM, A, UL, IP

COMPLEX MATRIX TRIANGULARIZATION BY GAUSSIAN ELIMINATION.

* INPUT...
* N = O;RDER OF MATRIX.
* IDIM a DECLARED DIMENSION OF ARRAY A
* A a COMPLEX MATRIX TO BE TRIANGULARIZED.

* OUTPUT...
* UL(Ifl, I .LE. J = UPPER TRIANGULAR FACTOR. U
* UL(I.J). I .GT. J = MULTIPLIERS LOWER TRIANGULAR
* FACTOR. I - L
* IP(K), K .LT. N z INDEX OF K-TN PIVOT ROW.
* IP N) = (-1)**(NUMBER OF INTERCHANGES) OR 0

* USE "SOLVE" TO OBTAIN SOLUTION OF LINEAR SYSTEM.
* DETERM( A ) I IP(N)*UL(i,',)VUL(2.2)o...*UL(N,N).
, I H F EOIF IP(N) 0 0, A IS SINGULAR, SOLVE WILL DIVIDE BY ZERO. I

INTERCHANGES FINISHED IN U. ONLY PARTIALY IN L.

REAL CABS
COMPLEX A. UL, T
INTEGER N. EDIM. IP, K. .KP. M. I. 3
DIMENSION A(NDIX.NOIN), UL(NDIMNDIM)
DIMENSION IP(NDON)

DO 1060 1 =1, DIM 1
DO 1000 J ; I. $DIM
UL(0.I) z A(3.I)

1000 CONTIKJE
1050 CONTINUE

IP(N) = 1
CC 1"O0 K I 1, 3
IF ( K .EQ. N ) CO TO 160C
XPI K 1.

DO 11ý C =KP1. I

IF ( CABS( UI (I,X) ) C"T. CABS" UL(MK) ) M) - I
2110 " CONTINUE

IP(K) z M e
IF ( N .BE. K ) !P(U) -IP(N)
T : UL(M,K)
Ir•. M.K) z UL(KK

ULK,K -= Tl
Ir ( CABS(t) .EQ. 0.0 ) CJ TO 1600 l
DO 1:-00 = KPI. I
UL(IK) =-ULýI.K)/T

1200 CONTINUE
DO 1600 J 1 KPI, I 3
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T a UL(NI3)•U.J fl UL(K.3)
UL(Kj) T

IF ( CABS(T) EQ. 0.0 ) GO TO 1400
DO 1300 I z KPI, I

. 0 UL(IJ) UL(I,J) + UL(IK)T1300 CONRrUSt,

1400 CONTINUE
1500 CONTINUE
1600 CONTINUE

IF ( CABS( UL(K.K) ) .EQ. 0.0 ) IP(N) = 0
1700 CONTINUE99999 CONTINUE

RETURN
END

C DECK CEVAL

COMPLEX FUNCTION CEVAL (CSPLNE,WEIGHT)
COMPLEX CSPLNE(4)
DIMEISION WEIGHT(4)

CEVAL - (0.,o.)
DO 10 I=1,4
CEVAL = CEVAL + WEIG8T(I)*CSPLNE(I)10 CONTINUE

RETUMN
END

C DECK CLIP
SUBROUTINE CLIP (LIMIT,TFN.TFNMOD)

this routine imposme a limit on the magnitude of a dimensional
transfer function (surge, saay or yaw in quartering seas)• NW.G.M'EYER5, DTNSFLDC. 072977

REAL LIMITMAGN

COMPLEX TFN TFNMOD
MAGN = CABSTFN)
IF (LIMIT.LE.O. OR. MAGN.LE.LIMIT) GO TO 10

tramnser function clipped

RATIO = LIMIT/MAGN
TFNMOD = RATIO*TFN
GO TO 20

10 CONTINUE
transfer function riot clipped

TFNMOD z TF1
20 CONTINUE

RETURN
END

C DECK CMINR
FUNCTION CHIUR (ISEIPAA)

DIMENSION AA(3.4)
SUMO0.0
DO I I11,4
IF(I1.EQ.ISKIP) GO TO 2
I2zI1+1
IF(12.GT.4) I2z1
IF 12.EQ.ISKIP) 12z12.+IF(12.GT.4) 12"I

IF(13.GT.4) I5-'1
IF(13.EQ.ISKIP) I:.=13.1

3 S3

S _ _ _ _



IF(13.GT.4) 13alI
SUMUSUN+AA(1.I1).(AA(2,I2)*AAC3.I3)-AAC2.I3)SAA(3,12))

2 CONTINUE
1CONTINUE
CMIKR-SUN

RETURN
END

C DECK COFOUT
SUBROUTINE COFOUT

* generate coefficient file cotai ae~ed-dependant added-mass
* nd damping. exciting forces ad KCO t.n

COMMON /C93D/ ISIGMA,SIGMhI,SIGMAX.V.SINKtJCOSM1JWTSI.I
2 IMMIN,IMMAX.IMDELLMIN .LMAX
REAL SIGMII.SIGMAX,V,SINNU,COSMU.WTSI(4)
INTEGER ISIGMA.IMMIN,IMMAX,IMDEL,LMIE,LMAX

COMMON /DATINP/ OPTN,HOTN,BSCFIL,VLACPR RAOPR,ALDMqPR,DISPLwr,I
2 LRAOPR.ADRPR,ORGOPTN.GMNOM,XG.STATX(25) .NSOFST(2S),
2 NLEWF(2S) HLFBTH(1O,2S),VTRLNE(1O.25),BLEWF(25) TLEWF(25).
2 AREALF(25i,NPTLOC,PTN1JMB(10) ,PTNAME,XPTLOC(1O).YPTLOC (10).
2 ZPTLOC 10 ,NEB.FBNUMB(1O),FBNAME,XPTFBD(1o).YPTFBD(I0).

2 ZPTFDD 10 FBCODE(10),FBTYPE.RDOT(I0),VKDES,FNDES.

INTEGER OPTN,XOTNBSCFIL,VL.ACPR.RAOPR,ADRPRIT&LDMPR.FBCODE,
2FBEIUMB.PTNtIMB,ORGOPTR

COMMON /ENVIOR/ VX,NVKMUNMU.OMEGANOMEGA,SIGMANSIGMA.SIGWH.
1 NSIGWII.TMODAL.NTMOD.NRANG.RANG,RLANG,S.NNMUFRNUM.VFS
INTEGER NVX.NMU,NOMEGA.NSIGMA.NSIGWH,NTMOO.NRANG,NNMU(8)I
REAL VK(8) MU(37 8),OMEGA(30),S!GMA(lo) SIGWH(4),ThODAL(S),

2 RANGCU) * LANG C8).S(30.8).FRWUM(8),VFS(8$
COMMON /GEOM/ X.NSTATNY.2.NOFSET.LPP.BEAM,DRAFT,LCF I

I VCGGMDELGM.NEBLA,KPITCHKROLL.KYAW.XYAWRLAWP,VCB,FBDX,FBDY,
2 FBDZNFREBD,XPT.YPT,ZPT.NPTSLCBGML.ASTATBSTAT,TITLEMA5SS
2 DISPLM.IPITCHIROLLIYAW.IYAWRLL.CHEAVE,CPITCH,CHEAPICROLL,
2 AREAMX,WSURLF,GIRTH, FBDZVOSBLWL. TLCB
INTEGER NSTATNNCFSETC25) .NFREBD,NPTSI
CHARACTER*4 TITLE(2O)
REAL X(25).Y(1O.2S).Z(2O,25) ,FBDZV(8.IO),LPP,BEAM,DBLVL.TLCB,

2 DRAPT,LCF.VCG,GM,DE'-GP.NEBLA.XPITCH KROLL KYAW.KYAWRLAWP.VCB,
2 FBDX(1O) FBDY(I0).FBDZ(10).XPT(IO).YPT(IOS,ZPT(1O),LCe,GML,
4ASTAT(26S.BSTAT(25).MASS.DISPLM.IPITCN.IROLL.IYAW U6 IYAWR.L,CHEAVE,CPITCH.CHEAPI.CRLOLL.AREAMX,WSURF.GIRTH(26)

COMMON /10/ SYSFIL,.POTFIL,COFFIL.LCOFIL.ICARD.TEXrILIPRIN,
2 SCRFIL.PPLFILLRAFIL.ORGFIL.RAOFIL.RMSFIL.SEVFILSPDFIL,

SPTFIL.LACFIL.LAErILI
INTEGER SYSFIL,POTTIL.CCFFIL .LCOFIL, ICAP.D.TEXFIL.IPRIN,

2SCRFILHPLFILLRAFIL.ORGFIL,RAOFlLRRSFIL.SEVFIL.SPDFIL.
1 SPTFIL.LACFIL,LAEFIL

COMMON /PRYSCO/ II.TPI .PI .PICT.EGRAD.RADDEGVXPMETR.METRVK.GRAV,
2 RHD.GNU.RHOSRHOF.GNUS.GNUF.TTMETR.PUNITSREYSCL
COMPLEX II
CHARACTER*4 PUNITT(2)

I RHOF,GNUS,GNUF,TrTMETR

COMMON /STATE/ LAT.VRT.LOADS.AD:)RES.SALTHEAD.EXROLL.BKEEL
LOGICAL LATVRT.LOADSAODRES.SALT.HEADEXROLL.BKEE.L

COMMON /STELEM/ STELEMI
COMPLEX STELEM(4 .9,250)

COMMON /TELEM /TEL.EM5



CONPMPLEXTEL(4,9,1O)COMMON /VOITS/ VTDL.UORM
REZAT VTDL(1O,26),NQRM(4,10,25)

CtOMPLEX TV(3;3)1TL(3.3),EXCV(3),EXCL(3),EJV(3),H3L(3),ET
COMPLEX STV(3 31.CDUII(3 3) SF3(26),SH3C25)
DIMENSION SA33C29) ,SB333ý265

DATA ISIGO /0/

READ (SCAPIL) WTDL.IORNM
REWIND SCRFIL
REWIND COFFILU READ (COFFIL) TELEX
DO 300 IValNVK
V =VFS(IV)
NMV = NNMU(IV)
DO 200 I~al,NM1J
HDIG a MtUCIH.IV)

ALPHA z OMEGA(IW).CON EAL SMA)

WE =OMEGAE
WE2 WE*WE
CALL FINTSP (OMEGAE)
DO 60 Kz1,NSTATN
SAW3K) = 0.
SB33(K) c0.
NPT = NOFSET(K)I ~IF (IPT .LT. 2) GO TO SO
"N= (K-1)*10 + I
CALL AMD (OMEGAE.STEL.ENCI I M') STVCDUM)
SA33(Ku REAL(STV(2,2)M/-ýE2SI SB33(K) =AIMAG(STV(2,2))/WE

6O CONTINUE
CALL AMD (OMEGAE.TELEM,TV.TL)
IF (ISIGMA NE. ISIGO) CALL RDPELM4
ISIGO mISIGMA
CALL EXFOR (ONEGA(IW).OMEGAE.EXCV.EXCL.RJVEiL.H7,SF3,SB3)

WRT (CFFL 'rGA T L.EXCV EXCL E3V,HIL,H7

10C0 CONTINUE
200 BRONTINUE CO!T(CLE.UE

REN NDPUTI

CENTDRI NPIT-AG OMT

a OUTPUT

W(J) Jcl NNODE WEIGHTS SUCH THAT INTEGRAL OF F.DS
* SUM OF FJ).W(i)

COMMON /IC/ SYSFIL.PDTFIL.CCFFIL,LCOFIL.ICARD,TEXFIL, IPRIN,
2 SCRFIL,HPLFiL.LLAFIL,ORGFLFL.AOFILL.RMSFIL".SEVFIL.SPDFIL,.



2 SPTFIL ,LACFIL,LAEFIL

INTEGER SYSFIL,POTFIL,COFFIL,LCOFILICARD1TEIFIL,IPRIN,
2 SCRFIL,HPLFIL,LR.AFIL,ORGFIL IRAOFILPR1MSFIL,SEVFIL.SPDFIL,
2 SPTFIL,LACFIL,LAEFIL

DIMENSION CELEM(e,9) ,FELM(4,9) .
DIMENSION TG(1O) ,bLDT(5)
DIMENSION A(5,5), IPCS),WCIO)
DIMENSION F( 1O),CF(4).CD(S),CG(8),CGI(9)
DIMENSION I(4) Y(4) STORCD(9,6)I
DIMNESION SCR()XCH).ZfC) YPS(&) ,SUNCS)

IF (NNODE:GT.1O) WRITE (IPRIN.602) DIODE
IF (NNODE.GT.10) STOP
IF NNODE.LT .2) WRITE CIPRIN,802) NNODEI
IF NNODE.LT2 ST OP

602 FORMAT (' ERROR - CONIWT - NNODE ',IS)
NELEM=NNODE- 1
DO I1 =1,INODE
TG(I)=I-1

ICONTINUE
DO 2 I:1.NNODE
W(I)=O.O

2 CONTINUE

*fit polynomial to dl/dt
sot up matrices

DO 3 1=1.6

A(I.01)-I0
DO 4 J=2.6

4 CONTINUE
3 CONTINUE

CALL PRDCOMP (S S.*A IP)
IF (IP(S).EQ.Oý GO TO 101
DO 6 K=1.NELEM
XýO=~CELEMýI.I
X2)=CELEM 3,K)

Xý 3)=3.0.(CELEM(&.X)-CFLEM( 1.K))-2.OeCELEM(k3,K)-CELEM(7,X)
X4) cCELEM(7:K).CELEM(3,X).2.0.(CELEM(1 .IO-CELEM(S,K))
Y) I CELEMN 2K)
Yý3)=3OeCELEM(6,K)-CLM2X
Y )=30*CELE M((4.X) M(,K)-2.0.CELEM(4,K)-CELEM(S,X)

Y(4)zCELEMl(8,K).CELEM(4,K).2.0o(CELEMC2.)c)-CELEM(6,K))

*evaluate dl/dt at five points over (0.1)3

CALL PDER (SCR,IDXD.X,4)
CALL PKPY (XDS.IDXOS.SCR,IDXD.SCR.ID1D)
CALL FOER (SCRIDYD,Y,4)
CALL PMPY (YDS.IDYCS.SCP..IDYD.SCR.IDYtD)
CALL PADD (SUMIDSUM.XDS.IDXOS.YDS.IDYDS)I
DO 6 I=1.5
1.o.2s*CI-1)
CALL PVAL (TEMP.T.SURIDSUM)
DLDT(I)=SQRTCTEMP)

6 CONTINUE
0 fit polynomial to dl/dt
* evaluate matrix solution

CALL KSOLVE (S.S.A,DLDT.IP)I
DO 7 le1.5
STORCD(K, =DDT1

7 CONTINUE
&CONTINUE

0 calculate weights

DO 8 I=1,NNODE
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DO 9 JclNIODE
F(J)-O.O

9 CONTINUE

F(I)xl.0
CALL SPFIT (TGFFELM.lNODE)
DO 10 J=1 IELFM

CF(•),(FEL• (3,J)-FEL.M(i,J)-FELM(2,J)/3.-FELM(4,1)/6.)
CF( 3)FELK(2,J)/2.CF (4)- (FELM•(4, J)-FE.LM(2, J))/6.

DO 11 K-l,6
CD(K)=STORCD(J,K)

11 CONTINUE
CALL PMPY (CG.IDGCD,5,CF,4)
CALL PINT CGI.IDGICG.IDG)CALL PVAL VALOO.OCGI,IDGI)
CALL PVAL (VALI.1.0,CGIJDGI)
W(I)vW(I)+VALl-VALO

1i CONTINUE
8 CONTINUE

RLTURN
101 CONTINUE

WRITE (IPPIN,601) IP(5)
STOP

601 FORMAT (' ERROR - CONIWT - IP(5) ,15)
S~END

C DECK CPFITSUBROUTINE CPFIT (X, Z, CELEMS, XPTS)

I•CPFIT CREATED FROM SPRIT E N BUBBLE JUNE 1977

FITS CUBIC NON-PARAMETRIC SPLINE SEGMENTS
TO SET OF COMPLEX DATA POINTS

iINuPUTS
x = ARRAY OF REAL INDEPEEDENT VARIABLES
S7- ARRAY OF COMPLEX DEPENDENT VARIABLES
NPTS : NUMBER OF (X.Z) DATA POINTS

AC ENRETURN
CELEMS a ARRAY OF (NPTS-1) SEGMENTS IN FOLLOWING FORM

(Z() D 1 1}, D(1+1) ) I WHERE
D - AY O SECD DERIVATIVFS AT DATA POINTS

D ARRAYS A,B,C ARE MAINLY SUB DIAG., DIAGONAL, AND SUPER DIAG
D ARRAY IS THE RIGHT HAND SIDE OF MATRIX EQUATION
• SECOND DERIVATIVES AT NODES ARE PLACED IN D ARRAY AFTER SOLUTION

* SOLL"IDN TECHNIOUE IS GAUSSIAN ELIMINATION
BOUNDARY CONDITIONS SET BY EXTRAPOLATION OF SECOND DERIVATIVES

COMMON /10/ SYSFIL.POTFIL.CDFFIL.LCOFIL.ICARD.TEXFILIPRIN.
2 SCRFIL,HPLFIL.LRAFIL,ORCFILRAOF'IL,RMSF:LSEVFIL,SPUFIL,
2 SPTFIL.LACFILLAEFIL

INTEGER SYSFIL,POTFILCOFFIL.LCOFILICARD.TEXFIL.IPRIN,
2 SCRFIL.HPLFIL,LRAFIL.ORGFIL.RAOFIL,RMSFIL.SEVFILSPDFIL,
2 SPTFIl,LACFL.L,~AEF'L

COMPLEX Z, ZOO, STORE. D, CELEMS
DIMENSION X(NP7S).Z(NPTS).CELEMSk4,lPTS)
DIMENSION A(100). B(100), C(1O0). D(100)

N = NPTS
NLI = N I -

NL2 N -2
DO 00 I:2,N
If (X(I) .GT. X(I-)) GO TO 50
WRITE (IPRIN,888) X(I-I).X(1)
GO TO 8888S

50 CONTINUE

5 ST

I_ _ ___



IF (hi LE. 100') GO TO 1001
WRITE (IPRII.999)
I f 100

100 COKTIVUE
-IF (I .GT. 2) G0 TO 126

0O TO 376
125 CONTINUE

IF (N .GT. 3) GO TO 150
3)( 2))*(X(2)-X(1))*(X(3)-X(1)))

D =) 'DD
D(2)= ZDD
D(3) =ZDDI
GO TO :STE

ISO CONTINUE
LO 200 1-1,1
A(I) 0.0

1)(1.' (0.0, 0.0)
200 CONTINUE

*set up matrices (a tridiagonal intructu.re)U

A(I) (X(3)-X(2))/(X(3)-X(l))

1(I (X(2)- (1))(Z3)-2(2))/X3-()((2-I)I
2=X(3) - X(2)

DO 250 1=3 ILI
K? X(I+iS - X(I)

CCI) =HP / (H+HP)

N~) (0 20 00

A(N z I 10- CCI)

A(2) 1.0

D(2) (0.0, 0.0)

B=N I . r"

AUGH =AHS (B(I))
IF' (A)JGH .1-T I.OF-06) GC^ T,- :7S
CODiST A(11) / (l1
B(li) B(I1) -CONST.:r:l

r),II-n CONST,0'1I
I F (' VNE WL2) GO TO 30(,
A (N) A K) C (N I - "( , '." ""

GO TO 300

D() (I) / CCI)



END

C DECK RL1ITER
SUBROUTINE RLITER (SPINDX,TOIYDX,NSPIND,NT0IND,DATA.IC,RLCALC,

2 L~OLL)

* roll iteration

COMMON /DATINP/ OPTN,MOTN,BSCFIh,VLACPR,RAOPR,RLDMPR.DISPLMT7,
2LRAOPR,ADRPRORGOPTN,GMNOM,KG.STATN(25) ,NSOFST(25),
2 LEWF(26) HILFBTH(10,2S),WTRLNE(1O,2S),BLEWF(25),TLLWF(25).

2 AREALF('16 5NPTLOCPTNUMB(IO) ,PTNAME,XPTLOC(IO),YPTLOC(10),
2ZPTLOC 10) ,NBB, NUMB(10),FBNAME,XPTFBD(lo).Yr'TFBD(1o),
2 ZPFD(10) FBCODE(10),FBTYPERDlOT(IO),VKDESFNDES,I2 s rATWM, 2TATIS

CHARAC"ER*4 PTNAME(Si0O).F3NAME(8,1O) ,STATNM(6),FBTYPE(3,10)
INTEGER OPTN,MOTN,BSCFIL,VLACPR,RAOPR,ADRPRRLDMPR,FBCODE,

2 FBNUMB,*PTNUMB ,ORGOPTN
REAL XGI COMMOV /ENVIOR/ VK,NVK,MUNMUOMEGA.NOMEGA.SIGMA,NSIGMA,S±GWH,

I NSIGVfl,TMODAL,NThOD,JNRANG,RANG,RLANG,S,NNMUFRNUM,VFS
INTEGER NVK,NMU,NDMEGA.NSIGMA,NSIGWHNTMOD, NRANG,NNMU(8)
REAL VK(8),MU(37,B),OMEGA(30) STGMA(iO') SIGWK(4).TMOjDAL(8),

2 RANG (8) ,RI.ANG (8) ,S (30,.8), F2NUM(8) ,VFs (8
COMMON /INDEX/ PFIDX,LPFIDX.RMIDX,L.RMIOA,SVIDX,LSVIDX
INTEGER LPrIDX LRMIDXLSVIDX
REAL PFIDX(23&5 ,RMIDX(183).SVIDX(1)

COMMO," /10/ SY3FIL,POTF1L,COFFIL,LCOFIL,ICARD,TEY.FIL,JPRIN,
2 SCRFIL,HPLFILLRAFIL,ORGFIL.RAOFIL,HMsFIL,SEVFILSPDFIL,
2SPTFIL,LACFIL,LAEFIL

1I41 GEh SYSFIL, POTFIL, COFFIL, LCOFIL, ICARD,TEXPI., IPKIN,

2 SCRFIL,HPLFIL,LRAFIL,ORCFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,

2ILIN(182),ISYM(182)

LOGICAL ILIN,ISYM

LOGICAL LINEARSYMMET
DIMENSION DATA(432),SPINDX(9),TOINDX(9),RLCALC(8,24),I 2 Rcý..(13,64,4)

DO 5 N=1,NRESP
IF (IMOTN(N).EQ.4 .AND. ITYPE(N).EQ.1) IR NiI CONTINUE
YR = It + 1
LINEAR = ILIN(IR)
SYMNET = ISYM(IR)
NPP.EDH = 13
NDATA n(2 + 2*NRANG)*NPREDHI
DO 300 IS=1,NSIGWII

CON =SIGWH(IS)*STATIS
DO 200 ITO=1,N7'MOD
DO 100 IVtl,NVK

CALL FETCH (KRIV,1T0,DAT'.,tM1DX,SPINDX,T101;DX,NDATA.LRMIOX,3 2 *PRD
DO 20 IH=1,NPREr)1f
IF (IC .EQ.1)TM DAAL)
IF (IC EQ. 2) TEMP DATA L42)
L L *2U10 CNIU

CALL RLITk (RLANG,NkANGRLCALC(!1,11~),RL(W.I

IIý



50 CONTINUEU
100 CONTINUE
200 CONTINUE
300 CONTINUE

RETURN
END

C DECK RLITR
SUBROUTINE RLITR (RLANG,NRANG,RLCALC,RLANS)I
DIMENSION RL-ANG(8),RLCALC(S),DIFF(8),ELM(4,6)

DO 10 IA=1,NRANG
DIFF(IA) = RLANG(IA) - RLCALC(IA)I

XO 0.
IF (XO GE. DIFF(1)) GO TO 20
RLANS =RLCALC(1)
GO TO 40I

20 IF (XO .LE. DIFF(FRANG)) GO TO 30
RLANS z RLCALC(NRANG)
GO TO 40

30 CAT.L SPFIT (DIFF,RLANG,ELM,NRANG)
CALL SPLVAL (DIFF,NRANG,ELM,O.,RLANS,DUM,IELM)I

RETURN
FND

C DECY: PMS
S~UBROUTINE RKS (KREC,RAO1.RAO2,IT.N,R,B2,NPREDH,NLCH,N1 ,,N2,DATA,

2 IREV'P,NBETA)

COMMON /ENVIOR/ VK.NVK.P¶UNMU,OMEGA.NOMEGASIGMA,NSIGMA,SIGWI{,I
1 NSTGWY.TMODAL ,NTMOD ,NRA?,GR! ýRLAIIG ,SNNMU,FP!UM ,VFS

INTEGER NVK NplU NOMEGA NSIGMA,NSIGWH,NTMOD,NRANG,NNMU(8)
REAL VK(8),MU(37,8),OMEGA(30),SIGMA(10) SIGWH(4),TMGDAL(8),

2 RtANG(8),RLANG(8),S(30,8).FRNUM(S),VFS(85

DIMENSION DATA(432).KREC(13),RAOI(30,8.13).RA02(30,8,1I),R(30),
2 B2065)
REAL LMS,(24)

5 CONTINUE
L = 2*NPREDH
DO 6~0 IA=1,N
DO 40 IH 1 , NMU
TI = V1 + IHI
12 = 2 - IH
IF (12 LE, 0) 12 = 12 4NBETA
lF(KREC(IH') GT. 0) GO TO 10

LMS(Ii) = 0.
10 DO 20 I1NMG
1 O TO 20 11NMG

20 R(I) = RAO1(I,IAIH)*S(I,ir)
CALL ALGRNG (NUMEGA,OMEGA,R,LMS(fl))
IF (KREC(IH) EQ. 1) LMSM1) =LMS(1Il)I
IF (KP.EC(IH) -EQ. 1) GO TO 40
KH = IH - I
DO 30 I=l.NOMErA

30 RUl) =RA02(I,IA,KH)*S(I,IT)
CALL AL.GRNG (N3MEGAOMEGA,R,LMS(I2))I

PO 50 IPH=l 1 'PRED1
CALL. XMS;C IPi,B2 1,TMS NI.CH ,RMSLC,4MSSC)
IF' (IRtESP .Eq. 7) WiU TO 411I

F.MSSC =SQjRT(RMSSC)
di 5 L = L + I

DATA(L) RMSLC



DATA(L) = RNSSC
60 CONTINUE160 CONTINUE

RETURN
END

C DECK RMSOUT3 SUBROUTINE RMSOUT

COMMON /DATINP/ OPTN .MOTN,BSCFIL,VLACPR,RAOPR,RLDMPR,DISPLMT,
2 LRAOPR,ADRPR,ORGOPYiN.CM4NOM,KG,STATrN(25) ,NSOFST(25),
2 NLEWF(25),HLFBTH(10,2E),WTRLNE('10,25),BLEWF(25),TLwEW(25),
2AREALF 26 ,NPTLOC,PTNtJMBC10),PTNAME,XPTLOC(10),YPTLOC(10),
2 ZPTLOC 10 ,NBB.FBNUMB(10),FBNAME,XPTFED(10),YPTFBD(IO),
2 ZETFBD(10),FBCODE(10).FBTYPE,RDOT(I0),VKDES,FNDES,
2 STATNM,STATIS

CFIARACTER*4 PTNAME(8,i0),FBNAMHE(8,iO),STATNM(E,),FBTYPE(3,1O)I INTEGER OPTN,MOTN,BSCFIL.,VLACPR,RAOPR,ADRPR,RLDMPR,FBCODE,
2 FBNUMBPTNUMB,ORGOPTN

REAL KG

COMMON /ENVIOR/ VK,NVK~,MU,NMUOMEGANOMEGA,S1GMA,NSIGMA,SIGWH,
INSIGWH,TrMODAL,NThOD.NRANGRANG.RLA!FG,S,NNMU,FRNUMVFS
INTEGER NVKNMU,NOMEGA NSIGMA,NSIGWH,NTMODNRANG,NNMU(8)
RFAL VKt8).MU(37,Q' OMFG~A(30),SIGMA(10) SIGWH(4),THODAL(B),

2 RANG(8),RLANG(B).S(30,d),FRNUM(8),VFS('8i

1 1 VCOMMON /GEOM/ X,NSTATN,Y,Z,NOFSET,LPP,BEAM,DRAFT,LCF,

2AREAMX,WSURF,GIRTH FBDZV DBLWL,TLCB
INTEGER NSTATN,NOFSET(20),NFREBD,NPTS
CHARACTER*4 TifrLE(20)
REAL X(25) ,Y(10.25).Z(1O.25),FBDZV(8,10),LPP.BEAM,DBLWL,mTICB.

2 DRAFT LCFVCG Gm DELGMNE2LA,KPITCR.KflOLLKYAW.KYAHRL.AWPVCB,

2 FBX1O BDY 10SFBDZ(10),XPT(10),YPT(I0),ZPT(10).LCB,GML,4A-;TAT(26 ),STAT(25),NASS,DISPLM.IPITCH.IROLT.,TYAW,
5IYAWRL,CHEAVE.CPITCH,CHEArI,CROLLAREAMX,WSURF,GIIRTH(25)

COMMON /INDEX/ PFIDX,LrFIDX.RMIDX,LRMIDX,SVIDX,LSVIDX
INTEGER LPFIDX LRMIDX,LSVIDX
REAL PFlDX(230,RMIDX(183),SVIDX(3)

COMMON /10/ SYSFIL,POTFIL,COFFIL TLCOFIL,ICARD,TEXFIL,IPRIN,
2 SCRFIL.HPLFIL,LRAFIL,ORGFIL,RAOFILR.IIsFIL,SEVFý-1,SPDF!L,

2 SPTFIL,LACFIL,LAEFIL

2 SCRFIL.HPLFIL,LRAFIL,URGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,

3 ~COMMON /LOADS/ NLOADS,SIWGHT(25) .SMASS(25),XLDSTN(10) ,XL.DXPT(25),
2 LSTATN(26)

COMMON /PIIYSCO/ II,TPI,PI,PIOT,DEGRAD,RADDEG,VKMETR,METRVK,GRAV,
2 RHO,GNU,RHOS,RHOr,GNUS,GNUF,1-TMETR,PUNITS,REYSCL

COMPLEX II

iEAL ! 'rIPITDGAD MODDEG VKMETRMETRVKGRAVRHO GNU, ENDS,

COLMN(82 /RISPN(182) l'IT18)ION(8)IYP(8)

LOGICAL ILIN,ISYM

COMMON /SEVERE/ WF.SIID,RSINDX,NSWIND SWINDX,RSVTOERV,RH
REAL RSINDX(14),SWINUX(5),RSVTOE(402ý
INTEGER RV(13).RH(13)

3 COMMON /SMPSYS/ FIS.ASSIS,SOS,SDSHALOS,DEV,PRN,SMPS,SMPIS,
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2 SMPOS,SMPDS,SHPTYPS,SHIPS,VARSCYCL.S,TITLES,O-TTON,LSIS.LSOS,I
2 LSDS,LHALOS,LDEV,LPRNLSMPPS,LSMPIS,LSMPOS,LSMPDS,LSHPTY'PS,
2 LSHIPS,LTITLES

CHARAC'TER*16O AS
CMARACTER*80 FISSIS,SOS,SDS,TITLESCHAACER*0-ALO.DV.PLNSMPSMPISPOSSMDSHPY1
CHARACTER SHIPS*6 ,VARLS*2,CYCLS*2
INTEGER*2 OPTION

DIMENSION XID(911),YID(182,S)
DIMENSION IMODL(4) LSVRSP(13)I
CHAP.ACTER*4 RTITL(2) .RTYPE(3) ,RUNIT(3) ,RSPNME(2, 13)
CHARACTER~ 1 BLANK ,BT(80)
CHARACTER*2 AC(2) ,AT,AVK
CHARACTER*10 PARS1
CHARACTER* 110 PARS ,SEA
CHARACTER*100 PARS2
DIMENSION EDNG (24)
DIMENSION DATA(43ý) ,SPINDX(9),'rOINDX(9),RxIS(e,24),ROLL(13,e4,4),
2ELM(4,8).RMSTBL(26.8,8),TOETBL(25,8,8),TEMRMS(13),TEMTOE(t3)I
DIMENSION INDXRL(25),I?4DXHD(2S),HEADNG(26)'
LOGICAL LINEAR,SYMMET
INTEGER TDETBL,HEADMG,TEMTOE
EQUIVALENCE (IPOIMT,YID) ,(XID,MRESP)

CHARACTER*4 METER,MET,FT,ACOND(3,2) ,BS,SUNIT
DATA METE-R,MET,Fr ,';'METE',' M, ',' FT,'!
DATA LSVRSP /3,S,2,4,6,9,8,9,8,9,8,9,8!
DATA RSPNME /'HEAV','E','PITC','H',' SWA',-Y',' ROL','L',

2 ' YA','W','PlVA','C'.'P1LTA','C','F2VA','C','P2LA','C',I
2 'P3VA' ,'C', 'P3LA' ,'C', 'P4VA' ,'C', 'P4L'.' ,'C'!

DATA I1NDXRL /1,2,3,4,5,6,7,8,9,10,11,12,13,12,11,10,9,8,7,6,5,4,
2 3,2,J/'

DATA INDXHD /13,12,11,10,9,8,7,6,S,4,3,2,1 ,24,23,22,21,20, 19,18,
2 17,16,15,14,13/I

DATA HEADNG /0,15 .30,45 ,60.75,90.105,120,135,150, 165,180,
2 360,345,330,315,300,285,270,255,2'1O.22S,210.195, 180

DATA Fn!J '.1.3.4.,w.7.9.15,10,3.10,6.
2 180.,195.'.210.,225.,240.,255.,270.,286.,300.,31S.,330.,345./I

DATA AC /'LC','SC'/
DATA BLANK /' VI
DATA ACOND /'LONG','CRES','TED ','SHOR','TCRE','STED'/

NSVRSP =135
NHEAD =24
NSPIND = NVN + 1
NTOIND =NTMOD +' I
KID z9111

FIS =SOS(1:LSDS)/,' '.RMS'
OPEN (UNIT=RM3FTL,FILE=FISSTATUS'IUNKNOWN',

2 ACCESS~lDIRECT' ,RECL=17S0)

* r~nodjliod to run on VAX/VMSI
*CDC CALL READMS (RMSFIL,XID.NID,1)

READ (RMSFIL,REC=1) (XID(I) ,I=1 ,432)
READ (RMSFIL,REC=2) (XID(I),1=433,796).L

IF (L .EQ. NID) READ (RMSFILREC=3) (XID(I),I=797,911)

*CUL L =LENGlh(RMSFiL)

M (L-0)/6
IF(L .ME. MID) K = 159

M= 159 means PMSFIL was generated by SMP81
M N LaŽ ii.3cps RMSFIL was generated by SMF843

DO 750 3=1,5
DO 750 I=1,N
X = K+ I5



I

3 YID(I,J) = XID(K)
750 CONTINUE

NRESP = HRESP
DO 770 IS=i,NSIGWH

find most probable period

SWH = SIGWH(IS)
:" (PlINITS(1) .NE. METER) SWH = SWH*FTMETR

* significant wave height ranges below are in meters

* sea, state I3 IF 'SWH .LE. 0.59) PER ý 5.0

cea state 2

IF (SWH.GT.0.59 AND, SWH.LE.!1.26) PER = 5.0

sea state 3

IF (SWE.GT.I.26 AND. SWH.LE.1.73) PER = 7.03 * sea state 4

IF (SWH.GT.I.73 AND. SWH.LE.2.24) PER = 7 0

* sea state 5

IF (SWH.GT.2.24 AND. SWH.LE.3.97) PER = 9.0

* sea state 63IF t (SWH.GT.3.97 AND. SWE.LE.6.34) PER = 11.0

sea state 7

5 IF (SWH.GT.6.34 AND. SWH.LE.12.29) PER = 15.0
sea state 8

IF (SWH.GT.12.29 AND. SWH.LE.18.77) PER 19.0

greater than sea state 8

IF (SWH .GT. 18.77) PER = 19.0
IF (PER LT. TMODAL(1)) PER = 1MODAL(1)
IF (PER GT. TMCDAL (NTMOD)) PER = TMODAL(NTMOD)IMODL(IS) ý- i
DO 760 LT=I,NTMOD
IF (ABS(PER-TMODAL(LT)) .LT. 0.0001) IMODL(IS) = LT

760 CONTINUE
770 CONTINUE

I.SKPSV = 0
IF (IMOTY(1) .NE. 1) ISKPSV = I

m iSKPSV = 0 all motions - output severe motion tables
ISKPSV = I roll motion only - skip severe motion tables

IF (I"KPSV Enw 11) GO TO e20

FIS = SDS(1:LSDS)//'.SEV'@ OPEN (UNIT=SEVFlL.FILE:FIAS,'STATUS='UNKNOWN',
2 ACCESS='DIRECT',RECL=1620)

NSVRSP = S + 2*NPTLOC
IF (NSVRSP GT. 13) NSVRSP = 13
CALL SETSEV (NSVRSP,LSVRSP)
NRSIND = NSVRSP + 1
NSWIND = NSIGWH + I
! = 0

3 6 S9



820 CONTINUE3

L L 3
DO 2 I=1,201

READ (TITLE(I),5000) (BT(J),J=L.K)
5000 FORMAT (4A1)

2 CONTINUE
L 0I
DO 4 I=1,80
L L+ 1
IF (BT(I) .NE. BLANK) GO TO 6

4 CONTINUE
6 COFTINUEU

IF (L.EQ.*O .AND. BT(S0).EQ.BLANK) L I
M = L + 9
IF (M .GT. 80) M = 80
WRITE (PARSI 5010) (RT(I,),T=L,M)

5010 FORMAT (lOAIS
WRITE (PARS2,5020) TITLE

6020 FORMAT (20A4:20X)

w ritG to speed polar data and text files3

FIS =SDS(1:LSDS)//'.SPD'
OPEN(SPDFIL,FILE=FIS.ACCESS='DIRECT .STATUS='UNKNOWN',

2 FORM='UNFORYATTED' ,RECL=768)

FIS =SDS(1:L"DS)//'.SPT'I
OPEN(SPTFIýL,F'L'E=FIS ,STATUS= 'UIWNOWN')

WRITE (SPTFIL,6022) PARS1,PARS2

5022 FORMAT1( 1O/ A1QO)
PRIDIR = 9.
SECDIR = 0.

WRITE ýSPTFIL.5023) NVK.NHEAD
5023 FORMAT 216)I

WRITE (SPTFIL,6024) (VK(IV),IV'=1,NVK)
WRITE (PTFIL 5024) (HDNGCIH),IH=1,NHEAD)

5024 FORMAT(8FIO.45

* loop over longcrmsted, shortcrested waves

DO 500 IC=1,2

CALL RLITER (SPINDX,TOINDX,NSPIND,NTOIND,DATA,IC,RMS,ROT -L)

*change for VAX/VM1S version
" CDC CALL STINDX (SEVFIL,RSINDX,NflSIND)

"* CDC DO 7 1=1 NRSIND
" COC RSINDX(IS = 0.I

* loop over responseI

DO 400 lh=!,NkEq?
JR = 0 *
IF (ISKPSV -EQ- 1) GO TO 19
DO 18 LR=1,NSVP.SP
IF (IR .NE. LSVRSP(LR)) GO TO 18
JR = LR
GO TO 19

18 CC::TINUEI
19 CONTINUE

KR = IR + I
IP = IPOINT(lR)
IM = IMOTN(IR)I

1 90}



3 ~IT = ITW~EkATO
CALL RSTITL (IP,IM,!T.RTITLRTYPERUNIT,PARS)
LINEAR =ILIN(IR)
SYMMET =ISYM(IR)
NPREDH = 13

IF (.NOT. SYMMET) NPREflH = 24
IF (.NOT. LINEAR) N = NRANG
NDATA = (2 + 2*N)*JIREDHI * change for VAX/VMS version

"* CDC IF (JR -EQ. 0) GO TO 21
"* CDC CALL STINDX (SEVFIL.SWINDX,NSWIND):COO Do 8 I=n NSWIND

" CDC SWINrx(I5= 0.
"0CDC CON~iNJz

3 * loon over significant wave height

DO 300 IS=1,NSIGWH
CON = SIGWE(IS)*STATIS
IF (IM.EQ.JS) CON - SIIGWH%(IS)

I * loop over modal wave period

K= 0
DO 200 ITO=1,NTMOD
SWHMAX =.202*TMODAL(ITO)**2

IF (PURITS(1) .EQ. METER) SWHMAX SWI4MAX*F7METR
* loop over speed

DO 100 IV=1,NVK
K =K+ I
IF (SIGWH(IS) .GT. SWHMAX) GO TO 100
CALL. FETCH (KR.YVIT0,DATA,RMIDX,SPINDX,TOINDX,NDATA,LRtIDX,

2 NVK,NTMOD,RMSFIL)

* lo'op over heading

L =2*NPREDH
DO 10 1A=1,NI DO 10 IH=1,NPREDH
IF (IC EQ. 1) TEMP =DATA(L+l)
IF~ IC EQ. 2) TEMP = DATA(L+2)
L L+ 2
RMS(I1A,IH) =TEMP*CONI10 CONTINUE
NI = NHEAD + 1
DO 60 IH=1.Nl
IF (1H .GT. NPREDH) GO TO 60
LH =INDXHD(18
JC =(IH-1)*2 + IC
IF (.NOT. LINEAR) GO TO 20
P.MSTBL(LH,ITO,IV) = RMS(1,I1i)
GO TO 40

PIP20 KH INDXRL(IH)U RLCALC = ROLL(KH,K,IS)
IF (RLCALC .GE. RLANG(1)) GO TO 30
RH3TBL(LH,IT0.IV) =RMS(1,IB)
GO TO 40

30 IF (RLCALC .LE. RLANG(NRANG)) GO TO 35aRMSTBL(LH,ITO,IV) = M(RNIH

35CALL SPFIT (RLANG,RMS(1,I1E;,ELM.NP.ANG)
CALL SPLVAL (RLANG.NRANG,ELH,RLCALC1,RMSTBL(LHbITO,IV),PUNM,IELM)

40TOE:TBL(LH,I1O10,V) = DAIA(JU) + .5001
GO TOI 60NXR(H

So H T8 XL(IH ITJ) PHTLJT5 TOETbL(IH,ITO,IV) =TOETBL(JH,1TO,IV)



60 CONTINUEU
100 CONTINUE

IF (SIGWH(IS) .GT. SWEMAX) GO TO 200
TOEMIN = 99.0
TOEMAX =0.0
RMSMIN = RMSTBL(1,ITO.1)I
RMSMAX =RMSMIN
DO 120 IV=1.NVK
DO 110 !H=l,NHEAD
TEMP = RMSTRI, IHITO.IV)
VTMP =TOETEL IHITO ,IV)
IF (VTMP .GT. 99.) VTMP =99.
IF (TEMP I.LT. RMSMIN) RMSMIN = TEMP
IF (VTMP .LT. TOEMIN) TOEMIN =VTMP
IF ýVTMP .GT. TOEMAX) TOEMAX =VTMPU
IF TEMP .LT. ItMSMAX) GO TO 110
RMSMAX =TEMP
IF (JR .EQ. 0) GO TO 110
IF (ITO .NE. IMCDL(IS)) GO TO 110
IF (SYMMET .AND. IH.GT.13) GO TO 110I

MXH = IH
110 CONTINUE
120 CONTINUE

IF ýJR .EQ. 0) GO TO 150
IFSITO() NE IMOXV S) GOTIS
IF ITOE(NE. IMOD(S)GOT 5
RSVTOE(2) =MXH
IE = 2
DO 130 IH=1.NVKD
DO 130 IHV1,NVKA
IE = IE + 1
RSVTOE(IE) =RMSTBL(IH.ITO,IV)
IE =IE + I
RSVTOE(IE') = TOETBL(IH.ITO,IV)U

w ~ rite to severe mfotirn file

* change lo'ý VAXVMS versionI
*CDC CALL WRITMS (SEVFIL,RSVTOE,IE,IS)

NRECD =NREC.D + 1
WRITE (SEVFIL,REC=NRECD) RSVTOEU

150 CONTINUE

w ~rite to speed polar fileU

ISIGWH SIGVH(IS)*100.
IF (ISIGWH .GE. 1000) WRITE (BS,3001) ISIGWH
IF (ISIGWH .LT. 1000) WRITE (BS 30 2) ISIGWH
IF ýISIGWH .LT. 100) WRITE (BS 3003ý ISIGWH
IF ISIGWH .LT. 10) WRITE (BS .3004 ISIGWHI

3001 FORMAT (14)
3002 FORMAT (1HO.13)
3003 FORMAT (2H00,12)
3004 FORMAT ý3H000,I1)
3000 FORMAT 1HO,11)
3010 FORMAT 12)

ITMODT TMODAL(lT0) + *S
IF (ITMODL .LT. 10) WRITE (AT,3000) ITMODL
IF (ITMODL GE. 10) WRITE (AT,3010) ITMODLI
F(PIT()..MEE)SUNIT = FTT

WRITE (SEA,3020) BS,AT AC(IC),SIGWH(IS).SUNIT,TMODAL(ITO),
2 (ACOND(II-) ,1=1,3) ,(STATNM(I).1z1 .3)

3C20 FORMAT (2HBR,A1,2A2,32H DKETSCHNEIDER SEAWAY - S1GWH =,F6.2,A4,I
2 ION TMODAL = F6 2 7H SEC, ,3A4,4X.3A4,'TX)
WRITE (SPTFIL:502*55 PARS,SEA

5025 FORMAI(Al'O)
WRITE kiPTFIL,6026) RMSMIN,RMSMAX,10EMINTOEMAX3

1923



35026 F0RIAT (4F10.5)WRITE (SPDFIL) ((RMSTB(IJIRT0,IV) ,IV=l NVK) ,IH=l ,NHEAD)

200 CONTINUE
IF (1T QIT. I .A14. YL2RE.)GO TO 300

* print &MS/'roE t&bles

DO3 250 lpl.GEýi;2
IF (IPAc,ZEQ.E2 -AND- SYM4ET) GO TO 250U1000 FRA l12X'0C

IF .rEQ. 2) WRITE (IPRIN 1020)
i00FORMAT ý/58X,llHLCNGCRESTEDS
100FORMAT /58X 12HSHORTCRESTED)

IF (PUNITSO.S NME. METER) W4ITE (IPRIM.1030) SIGWH(IS)
1030 FORMAT (45X,26HSIGNIFICANT WAVE REIGHT =,F6.2,SH FEET)

IF (PUNITS(I) .EQ. METER., WRITE (IPRIN.1031) SIGWH(IS)
1031 FORMAT ('45X.25HSIGNIFICAN*T WAVE HEIGHT =,F6.2,7H METERS)

IF (IP.GT.O AND. IML.)WIE(PI.032) (PTNAME~iI)
2 1=1,8),XPTLOC(IP).YPTLOC(IP).2PTLOC(1P)

IF (IP.GT.O AND. IM.EQ.lS) WRITE (IPRIN,1032) (PTNANE(I,IP),
2 I=1,8),XPTLOC(IP),YPTLOC(IP),ZP:LOC(IP)

1032 FORMAT (/27X,8A4,2X.5HXFP =,F7...2,2X,5HYCL. =,F7.2,2X,SHZBL ý-,F7.2)
IF (IP.GT.0 AND. IM.EQ.8) WRITE (IPRIN,1033) (FBSiAME(l,IP),

2 Ir=1,5),XPTFBD(IP),YPTFBD(IP),-PTFBD(IP)
1033 FORMAT (/33X,5A4,2X.5HXFP =,F7.2,2X,5HYCL =FT.2 2X SHZBL =,F7.2)

IF (IP.GT.0 AND. (IM.GE.1O AND. IM.LE.14)ý WRITE (PiN1073)I2 XLDSTN(IP)
1073 FORMATr (/58X 7FSTATIOX,FS.1)

IF (IM NE.15i WRITE (IPRIN,1034j RTITL,RTYPE,F.UNIT
1 034 FORMAT (/E*.4X,-A4,IX,3A4/Sq8X.3A4)

IF (IM.F5.ISS WRITE (IPRIK,103S)
!036 FORM AT(/SOY 26H HORIZONTA L FORCE RSIAO/S,8(G))

IF ýIM.LT.4 AhL,. IT V-0.3' WRITE (IPRIN,1036)
IF WRITE (IPRlN.1036)

1096 FORMAT (b8HXIH(ACC. X 100))
IF (IP.GT.O AND. (IM.GE.10 .AND. IM.LE.II1)) WRITE (IPRIN,1063)

1063 FOJRMAT (/57X,14H(FORCE / 100 ))
IF (IP.Gl20 .AND. (IM.GE.12 .AND. IM.LE.14)) WRITE (IPRIN,1065)

106b FORMAT (/S-AX,16H (MOMENT / 10000))
IF (I EQ.7) WRITE (IPRIK,1038)U1.038 FORMAT (STX,14H(FORCE / !000)%)
IF ýIN.NE-!E) WR177 (IFEIN.1040)(STATNM(I),1=1,3)
TF I!X.LQ .15) WR'ITE (IPRIN,1041)

1040 FORMAT (,'40X,,3A4,2911 VALUE / ENCOUNTERED MODAL PERIOD (TOE))
1041 FORMIAT'51X,421iRMS VALUE / ENCOUNTERED MODAL PERIOD (TOE))

IF (IPAGE .EQ. 2) GO TO 225

* starboard headin~gs

WRITE (IPRIN, 1042) (HEADNG(IH) ,IHm1 .13)
1042 FORMAT (/S8X,29HSHIP HEADING ANGLE IN DEGREES/4X.18V,2X,2H70,7X,

2 4HHlEAD,47X,9HSTBD BEAM,46X,GHFOLLOW/'IOX,13(6X,I3)1)
DO 220 IV~l NVK
IVK =VK(IVS .5000
WRITE (AVK 1045) IVKI1045 FORMAT (12ý
WRITE (IPRIN, 1050)

!350 FORMAT (1H ')
DO 220 IT0=1,NTMOD
SWHMAX z.202.TMODAL(ITO)**2I ~IF (PUNITS(1) .EQ. METER) SWHMAX = SWHMAX*FTMETR
IF (SIGWH(IS) -GT. SWHMAX) GO TO 220
IMP =TMODAL(ITO) + .6001
DO 210 TH=1,1.3
TEMPYS(I!H) = RMSTB'(IF.I'r0,IV)
IF (IM.EQ.15) TEMRMHS(IH) =TEMRMS(IHl) *100

2F (IMRLS'IH) ND TMJ5IH) 1003 IF (IM .EQ. 7) TEMRMS(IH) = TEMRMS(IH) /1000.
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IF (IP.GT.0 .AND. (IM.GF..10 .AND. IM.LE.11)) TEMRMS(IH) =I
2 TEMRMS( -IH)/100

IF (IP.GT.O .AND. (IM.GE.12 .AND. IM.LE.14)) TEMRMS(IF)=
2 TEMRMS41.H)/10 000
TEMTOEi.IV =TOETBL(IN ,ITO, IV)
IF(IEMTOE(IH) .GT. 99) TEMTOE(IH)=99I

210 CONTINUE
WRITE (IPRIN,1062) AVK.IMP.CTEMRMS(IR),TEMTOE(IE),IH=1,13)

1052 FORMAT (3X,A2,2X,12,3X,13(lX.FS.2. 1H/,l2))
AVK = BLANK

220 CONTINUEI
GO TO 250

* port headings

225 WRITE (IPRIN,1043) (HEADNG(IH),1H=14,26)I
1043 FORMAT (/58X,29HSHIP HEADING ANGLE IN DEGREES/4X 1HV,2X,2HTO,7X,

2 4HHEAD,47X,9HPORT BEAM,46X.6HFOLLOW/1OX.13(6X,135)
DO 240 IV=1.NVK
IVK = VK(IV,) 4 ýSOOJ
WRITE (AVK,1045) IVK
WRITE (IPRIN.1050)
DO 240 ITO=1,NTMOD
SWHMAX = .202*TMODAL(ITO)*.2
IF (PUNITS(l) .EQ. METER) SWFMAX = SWHMAX*FTMETRI
IF (SIGWH(IS) .GT. SWHMAX) GO TO 240
IMP =TMODAL(ITO + .5001
LH 26
DO 230 IHzl,13
LH =LR - 1I
TEPRYS(IH) =RYSTBI (LH.ITO,IV)
IF (IM.EQ.iS) TEMRHS(IN) = TEMRMS(IH) * 100
IF' ((TM-LT4 .OR. IM.F.-9) AND. IT-EQ-1)

2 TIEMRMS(IH) = TEMRM1S(IH. * 100
IF (IN E" 7) TFMRMS(]H) = TEMRMS(!H) / 1000.I
IF (IP.GT.0 .AND. (IM.GE.1' .AND. IM.LE.11)) TEMRMS(I1) =

2 TEMiRMS(IH)/100
IF (IP.GT.O AND. (IM.GE.12 AND. 1M.LLE.14.)) TEMRMS(IN) =

2 TEMPMS IHV/10OO0
TEMYGE IHý = TOETBL(LH,ITOIV)
IF(TEMTOE(IH) .GT. ^9) TEMTOE(I1)=99

230 CONTINUE
WRITE (IPRTN,1062) A'VK,IMP,(TEMRMS(IH),TEMTDE(IH).IH=1,13)
AVK = PLANXI

240 CON'TINUE

300 CONTINUE

* change for VAX/VMS vers~on3
*CDC IF (JR EQ. 0) GO TO 310
*CDC CALL STINDX (SEVFILP.RSINDX,NRSIND)
*CDC CALL WRITMS (SEVFIL,SWINDX,l!SW.IND,JR)
* 000310 CONTINUE

IF (IM.EQ.8 AND. IT.EQ.2) CALL DI<WSLM ThI.l-,IM,NPREDH,N,NDATA,
2 DATA, INDXRL, INDXHD, HEADNG, HONG, L N'EAR, SYMME.T, SPINDX, TOINDX, IP ,
2 RfMS-BL,TOETBL,RKS,RCLL)

400 CONTINUE

*change. 'r VAX/VM:S version
"* C2C IF (ISKPSV EQ. 1) GO TO 410

" CDC CALL STINDX S\ILSIX$'I)I
"* CDC CALL WRITMS (SEVFIL,R3INDX,NRSIND,I12)
"* CLC'II 0 CONTINUE

500 CONTINUE

CLOSE (UNITTRMSFIL1)
IV (ISVPS'J EQ- 0) CLOSE (UrllT=SEVFlL)
CLOSE (UN;T=SPDFIL)
CLOSE (UNIlT=SPTFIL)



IF (ISKPSV .EQ. 0) CALL SEVMOT (NSVRSP.RSPNME,HDNG,IMODL)

RE TURN
EN L

C DECK RMSIOE
SUBROUTINE RMSTOE

The purpnse of the nrrstoe semn sto comrpute the rms, second and

for unit significant w~ave height in l.ong "nd sh'jtcr,.ted se3L for
Ca series of modal wave periods. The shortcrested calculations ire

performed usin& a cosine-squar,ýd weighting fu~iction.
W.G.MLZYERS, DTNSRC 100777

COMMON /DATINP/ OPTN, MOTN, BSCFTL, VLA CPR, 1AOPR, RLDMPR, DI SPLMT,
2 LRAOPR.ADRPR,ORGOPTN,GMNOM1.KG.SIATN(25),NSOFST(25'),I2 NLEWY(25) 'I,-FBTH(1C,2S)yWTRLNE(lo.25),BLEWF(25).TLEWF(25),
2 AREALF(25~ NPTLOC,P-NL!MB(10).PTI:AME,XP'rLOC(10),YPTLOC(10ý,
2 ZPTLOC(1O) ,NBB,FBNU'MB(l0),FBNAME,XPTFBD(I0),YPTF'BD(i0),
2 ZPTFBD(10),PBCOO)E(IO)¾FDTYPE.RDOT(I0),VKDES,FNDES,
2 STATNM,S±*ATIS

CHARACTER*4 PTNAME(8.iO),rBNAMEC,'-,103,STATNM(S),FBTYPE(3.1Q)
INTEGER OPTN,MOTN,BSCFIL,VLACýPRRAOIRP,ADRLPR,RLWDMPRF,FBCO.DE,

2 FBNUMB,PTNUMB,ORGJOPTN
REAL KG

COMMON /ENVIOR/ VK ,NVK ,MU>NMU ,OMLGA ,NOMECA ,SICMA ,NSIGMA ,SirWX.
1 NSIGWH.,TMODA-, NT"MOD, NRANG, RANG, PLANG,S. NNMU, FRNUM,VFS
INTEGER NVK,NMU.YOMEGA,NSIGMA.NSIGWH,NTM0O,NRANG,NNMUl(S)
REAL VK(8),MUf(37,8),OMEGA(30),SIGMA(10) S1G'P;H(4),TMODAT (3),

2 R'ANG(8),RLANG(8),S(30,8),ýRN*"'.().VFS(8S

COMMON /G;EOYI/ X,NSTATN,Y,Z,NOFSET,LPP,BEAM.DRAFT,L.CF,
I VCG,GM,DELG;M,NEBLA,KPITCH,KR.OLL,K-YAW.KYAWRL.AWP.VCB.FriDX,FBDY.
2 L)Dz,hkRtu.vi .Ypi~,zi'l N~iS,LCBGML,A'.TAT,WZT -A T,TITLE,MASS,
2 DISPLM,IPITCH,IROLL.,IYAW.IYAWRL,CHE.AVE,CPITCH,CHEAPI.CROLýL,I2AREAMX,WSU'RF,GIRTBi,PE3DZV,DBLWL,-TLCB

INTEGER NSTATLNNOFSET(2S) ,NFREBD.NPTS
CHAFACTFR*4 TITLF(20)
REAL X(25),Y(1O,2S),Z(lC,2S),FBDZv'8,i0),LPP,BEAM,DBLWL,TLCB,I2 DRA'FT,L.CýF,VC'G,GM.DELGM,NESLA,KPi-TCHKROLL KYAW.KYAWRL,AWP,VCB,

21 1L')X(1O) FBDY(IO).FBDZ(iO).XPT(1O),YPT(lO$,ZPT(1O),LCB,GML,
4 ASTAT(25ý,PSTA'T(25),MAS-,DISPLM.TPITCýH,IRýCLL,IYA',
5 IYAWRL,CHLAVE,CPITC-H,CHEAPI,CRC-LL,.AREAMX,WSURFGIRTH(25)I COMMON /INDEX/ PFIDX,LPFIDX,RMIDX.LRMIDX,SVIDX.LSVIDX

INTEGER LPFIDX LRMIDXLSVIDX
HEAL PFIDX(23,j,R1~IDX(183'),SVIDX(3)

'COMMOjN /10/ SYSFIL.POTFIL,COFFIL,LCOFIL,ICARD,TEXFIL,1IPRIN,
2SCýRi IL,HPLFIL,.LRAFIL ,ORGFIL .RA""FILRMSFIL ,SEVFIL ,SPDFIL.,
2 S PTFIL,LACFIL,LAEFIt.

I NT EG ER SYSFIL.POTFIL,COF'FIL.LCOFIL.ICARE,TEXFIL, IPR-:.
2SCRFIL,HPLFIL,LRAFIL.OR(GFIý, RAOFILRMiSFIL.SEVFIL,SPDFIL,

2 SPTFIL,LACFiL,LAEFIL

COMMON /PHYSCO/ li±TPI .PI .PIOT.OEGRAD,RA.DDEG.VKMETR,METRVK,GRAV,
2 lC C '*RINOS, R1HD3. GNUS, GNU,-F HET~R.,rFUR 1TS, REYSCL

COMPLEX !II
REAL TPl,PI,PIOT.DEGRAD PAD')EG VKMETR.METRVK,GRAV1,RiiO,GNC',RHOS,;

I1 H F NS NIFTET ,P NIS -

COMMON /RESPN/ NRESP.IPOINT1(182),IMOTN(l182),ITYPE(182),
: ILIN(182),lSYM(182)I LOGICAL ILIN,ISYM
COMMON /SuPSYS/ FIS, AS. SIS. SOS. SDS. HALOS, DEV, PRNSMFFS, S'!;S,

2 SHiPOS,SMPi.S,SHPTYPS,SHIPS.VAPtS,CYCLS,MITLES,CPTI2ON,LSIS,L-SOS.
2 LSL)SLNALOSLDEV.LPRN.LSMPPS,LSMP1SLSMPOSLSMPDS.LSHiPTYPS1,



2 LSHIPS,LTITLES
CPARACTER.160 AS
CliARACTFR*3O FIS,SIS,SOS.SDS,TTTLE3
CHiARAcrER*20o HALOS,DEV,PRN,SNPPS,SMPIS,SMPDS,SMPDS,Q-HPTYPS
CHARACTER SHIPS*6,VARS*2,CYCLS*2

INTEGER*2 OPTION

C0NMM)N /STATD,/ LAT,VRT*,LOAIUS,ADDREq.,CALT.1iEAID,EXROL"L,BKEEi.
LOGICAL LAT,VL'T,LOADSADDRE$,5ýALT,HE-AEJ,EXRJLL,BKLEL

DIMENSION WEVN(I00),SPINDX(9),TOINDX(9).D)ATA(432),AOMGE(20.13),
2 R(30) .RAO1(30.8,13) ,RAQ2(30,8.11) ,RREC(13) ,B'2(3b)
TIlEGER DELBET
LOGICAL LINEAR.SYMMET
DIMENSION X11)(9 11)I
EQUIVALENCE (NRESP.XID)

Ni-D = 911
NWEVN = 1CO
CALL WEDFFN (NWEV'.,WEVN)I

NLCH =i
CALL SCB2 (DELBET,b2.PI,NLCH)
NF'LANE =2
NSFIND = NVK * I

FIS = DS(1:LSDS)//'.PMS'
OPEN (UNIT'=RMSFILFILE=FIS,STAT'JS= UNKNOWN',

2 ACCE-SS='D:RECT' , rI.EL- i7503)

PIS SDS(1:1.SDS)/ý/'.CRG'
OPEN (TT!:I'-ORGFIT- FILE-FIS, FORM= 'UNPCRM'ATT:D' ,S2ATAI= ~''1?

FIS = SDS(1:L.SDS)/i' .LCO I
IF (LOADS)

2 OPEN (UNIT=LCOFIL,FILE=FIS.FORY.='UNFORMATTEO' .STATDJS=:UNKNOWV;')

CO modified to run on XTAX/VMS
* CDC CALL WHITAMS (RMSFIL,X1U,N1D.1)I

WRITE (RMSFIL,REC=I) (XID(I).I=1,432)
WRITE (RMSFIL,REC=2) (XTD(I),1=433,796),NID

WRITE (RMSFIL,RE-C=3) (X-ýD(I),1=797,911)

DO 60 IR1I,NRIASP
LINEAR = ILIN(IR)
SYMIET ISYM(IR)I
NPREDH = 13
IF (.'OT. SYMMET) NPRE.DH =24
.1A = I
IF (.NOT. LINEAR) J A =S

IF (.NrT. TI.INEAYR) N - NR ANG
IF (LCADS) REWIND LCLCFIL
REVIrNO ORGFIL.
HEAD (ORGFIL) TITLE, NVE.NMU. NOMEGA, CMEGA, NfANG, RLANG, VRT LAT,
2ADDRESLPP,BEAN1,DRAFT:DISPL-M,GM,DELGM,ýKG,KROL-L,LCH,.GtAV,REO,

* define 2-parameter (Fignificant wave height, modal wave period)

* Bretschneider sea spectra. for un-it significant wave Vieight

DO S00 IT=1,NTMOD
CALL BP.WVSP (NOJýEGA,l . TM0E-AL(1T) OMEGA S(1.I T))

500 CONTINUE

-IIPS = 0
NDATA z(2 + N*'2)*N~hEOF*

* imodified for VAX/VMS



* CDC CALL STINDX (RMSFIL,SPINOX,NSFIND)
* COG DO 10 I=I.NSPIND

CDC SPliDX(I) =0.
*CDG 10 CONTINUEI DO 6O IV=I,NVK

W4MU = NNMUCIV)
NLCH =NMU - 2
NI NMU/2 - 1
N2 =NMU/2 + 1

NBETA = 2*(XMU-1)

DO 1S IH-4.NKU
KR _ l - 1I IF ýIH EQ. 1) KR = 1
IF Il .EQ. 13) KH il
CALL RAOPHS (AOMGE(1,IH).RAO1(1,1,IH),DUrM,RAO2(1,1,KH),DUM,

2 KREG(IH),IRIVI11,IPHS)
1$ CONTINUE

* modified for VAX/VMS
*CDC CALL STINDX (RMSFIL,TOINDX,NTOIND)
*CDC DO 20 I=1,NY01ND
*COG TOINDX(I) = 0.

*CDG 20 CONTINUE
DO 40 IT~-1,NTMOD

CALL RMS (KREC,RAOI,RAO2,1T,N,R,B2,NPREDH,NLCH,Nl,N2,DATA,I2 IMOTN(IR).NBETA)

CALL TOE (KREC,AOEjERAOI ,RAO2,JA.IT,X,22.NPREDH.
2 NLCH.N1 ,N2,NBETA,D)ELBET,NWEVN,WEVN,IV,DATA)I * modified for VAX/VMS

Glc .uL 1-ITus (tr1Zn , ATA ~AA T

NRECD = RECD +I
WRITE (RMSFIL,REG=NREGO) DATA

40 CONTINUE

*CDG CALL STINDX (RMSFIL,SPINOX,NSIND)
*COG CALl. WRITMS (RMSFIL.TOINOX,NTOIND,IV)

50 CONTIN~UE

*CDG CALL STINDX (RMSFIL,XMIDX,LRMlOX)

KR = IR +1I

*CDC CALL WRITHS (RMSFIL,SPINDX,NSPIND,KR)

60 CONTINUE

CLOSE (UNIT=RMSFTIL
CLOSE (UNIT=ORGFI)
IF (LOADS) CLOSE (UNIT=LCOFIL)

I ~RETUR N
END

C DECK RPE12iJ
SUB~ROUTINE RPH12D (K.PHI21))

COMMON /CH3D/ ISIGMASIGMTN.SIGMAA,V,SINMU,COSMU,WT'Sl,
2 IMMIN.IMMAX.IMDEI.,LMIN,LMAX

ldEAt SIGMIN,SIGMAX,V.SINMIU.COSMU,WTSI(4)I INTEGER ISIGMA,INMIN,IMMAX,IMDEL,LMIN,LMAX

COMMON /ENVIOR/ VK,NVXMUNMUONEGA,NOMEGASIGMA,NSIGMA,SIGWH,
1 NSIGWH,TMODAL,NTMOLI,NRANG,RANG,RLANG,S,NNMU,FRNUM.VFS

INTEGEt t NVK.NMU,NOMEGA,NSIGMA,NS-IGUH,STMOD,NRANG,NNMU(O)
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REAL VK(8),KU(37,8) OMEGAC3O),SIGMA(1O) SIGWH(4),TMODAL(8),I
2 RAVG(8) RLAWG2() ,S6(0, 8) FRNUM(8) VFS(0~

COMMON /GEOM/ X,NST&TN.YZ,NOFSET,LPP,BEAMDRAFT,LCF,
1 VCG,GM,DE:.GM,NEBLA,iYPITCH,KROLL,KYAW,KYAWRL,AWP,VCB,FBDX,FBDY,
2 FBDZ,NFREBD,XPT,YPTPZPT,NPTS.LCB.GML,ASTAT,BSTATTITLEMASS,I
2 DISPLM,IPITCH,IRO&.,L,IYAW,IYAWRL,CHEAVE,CPITCH,CHEk'.PI,CROLL,
2 AREAMX, WSURIF, GIRTH, FBOZV DBLWL 'rLCB

INTEGER WSTATN .NOFSET':5S,NFREBD.F1PTS
CHARACTER*4 TITLE(20)I
REAL X(2S),Y(10,26),Z(10,25),FDDZV(8,10),LPP,BEAM,DBLWL,TLCB,

2 DRAFT LCF VCG GM DELGM NEBLA XPITCH KROLL KYAW KYAWRL,AWP,VCB,
2 FBDX(iO) FBDY(IOS,FBDZUO0),XPT(1O),YPT(1OS,ZPT(1O),LCB,GML,
4 ASTAT(25S,BSTAT(2&) ,MASS,DISPLM,IPITCH,IROLL,IYAW,

5 IYAWRL,CE2AVE,CPI!TCH,CHEAPI,CROLL,AREAMX,WSURF,GIRTH(25)
COMMON /INDEY/ PFIDX ,LPFIDX,RMIDXLRMIDX,SVIDX,LSVIDX
INlTEGER LPFIDX LRKXDX LSVIDX
REAL PFIDX(23S5~MIDX(183),SV1DX(3)

COMMON /10/ SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD,TEXFIL,IPRIN,
2 SCRFIL,HPLFIL.L.RAF-ILORGFIL,RADFIL,RMSFIL,SEVFIL,SPDFIL,
2 SPTFIL,LACFIL,LAEFI'-

INTEGER SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD,TEXFIL,IPF.IN,

2 SCRFIL,HPLFIL,LRAFIL,ORGFIL,RAOF-IL,RMSFIL,SEVFIL,SPDFIL,

COMMON /STATE/ LAT,V'RT,LOADS,ADDRES,SALT,HEAD,EXROLL,BKEEL
LOGICAL LAT,VRT,LOADS,ADDRES,SALT,HEAD,EXROLL,BKEEL

COMPLEX PH12D(10,10,4)
REAL DATA(320)

NNCDE = WOFSET(K)
NDATP =0I
IF (VRT) ??DATP =1#3*NNOflP
IF' ýLAT5 NDATP =NDATP * 16*NNODE
ISIGMX =NSIGMA - I
DO 30 ISIGMA=1,ISIGMXI
INDEX = rISIGMA-1)*NSTATN+

* modified for VAX/V'MS
*CDC CALL READMS (POTFIL DATANDATP.INDEX)

RE~AD (POTFIL.,RECzINDEXS DATAI
NExT =I
DO 20 .1=1,NNODE
DO 10 I=IMMIN,IMMAX,IMDEL
PH12D(ISIGMA,J,I) rCMPLX(DATA(NEXT),DATA(NEXT+1))I
IF' (ISIGMA .EQ. ISIGMX) PH12D(NSIGMA,J,I)

2 CMPLX(DATA(NEXT+4) ,DATA(NEXT+S))
)'EXT = NEXT + 8

10 CONTINUE
20 CONTINUEI
210 CONTINUE

RETURN
END

C DECK RSOLVE
SUBROUTINE RSOLVE( N, NDIM, A, B, IP

*solution ol linear systemn, A*X =B.

*INPUT ...
* N =order of matrix.
* NDIM = declared dimension of array A

A=triangularized matrix obtained from "DECOMP".I
*B =right hand vector.
* IP= POVOT vector obtained from "DECOMP".

*do not use solve if DECOMP hag set IP(N) = 0

YYI



I ~OUTPUT ...

REAL A, B, T
INTEGER N, NDIM, IP. I, K, KB. KMI, KPI, M, NM1
DIMENSION A(NVIM,NDIM). B(DiM)UDIMENSION IP(NDIM)

IF ( Q )G O10
NMI 1UDO 1200 K c 1, NMI
KPI K + 1
M IP(X

T=B(M)
B =ý B(K)

DO 1100 I KP1 N
B(I) =EBI) + AýIK)*T

1100 CONTINUE

DO 1400 KB= 1, NMI

K = KMI +1
B(K) zB(K)/A(K,K)

T=-B(K)
DO 1300 I -- 1, KMI
B(I) =B(I) + A(I,K)*.r

1300 CONTINUE
1400 CONTINUE
1600 CONTINUE

B(1) = B(1)/A(1,1)
99999 CONTINUE

RETURNI END
C DECK RSTITL

SUJBROUTINE RSTITL (IPIMIT,RTITL,RTYPE,RUNIT,PARS)

COMMON /DATINP/ OPTN,MOTN,BSCFIIL,VLACPR,RAOPR,RLDMPR,D)ISPLMT,
2 LRAOPR,ADRPRORGOPTN,GMNCM.KG,STATN(26) ,NSOF-ST(26),
2 NLEWF(25) HLFBTII(10,25),WTRLNE(10,2&),BLEWFC25) TLEWF(2S',
2 AREAL.F(265,NPTLOC,PTNUMB(10),PTNAME,XPTLOC(10),YPTLOC(10S,*2 ZPTLOC 10 ,NBB,FBNUMB(10).FBNAME,XPTFBD(10),YPTFBD(10),
2 ZPTFBD 10 FBCODE(10),FBTYPE,RDOT(10) ,VKDES,FNDES,
2 STATNM,STATIS
CHARACTER*4 PTNAME(8,10),FBNAME(8,10),STATNM(S),FBTYPE(3,10)
INTEGER OPTN,MOTN,BSCFIL,VLACPR,RAOPR,ADRPRRLDMPR,FBCODE,

2FBINUMB.PTNUMB,ORGOPTN
REAL KG

COMMON /LOADS/ NLOADS,SWGIIT(25) ,SMASS(25),XLDSTN(10) ,XLDXPT(26),3 2 LSTATN(2E.)
COMMON /PHYSCO/ II,TPI,PIPIOT,DEGRAD,RADDEG,VKMETR,METRVKGRAV,

2 ?.xo,GNU,Rllos,RHor,GNUS,GN"fs:,FTMETh,PUNITS,REYSCI,
COMPLEX 11
CHARACTER*4 PL'NITS(2)
REAL TPI.PI,PIOTDEGRAD.RADDEG,VKMETR,METRVK.GRAV,RHO,GNU,RHOS,

1 RHOF,GNUB,GNW v, FT1MET

CXARACTER*3 PT(IO),TT(3),PPM(3),RLT(2)
CHARACTER*4 METER,MUNIT(3,7) ,PNTMOT(2.3) ,LOAD(2,ES)ICHARACTER*4 LTYPF, 3 2),LUNIT(3,3),TYPE(3,S),RELMOT(2)
CHARACTER*4 ADRES (2S,'ADRTYP(3),t'NIT(3.7),RUNIT(3)
CHARACTER*4 RTITL (2), RTYPE(3).HFEMOT(2)
CHARACTER*6 PPLM(3),TTLM(3) ,HFEM,HHFEMICHARACTER*6 ORGMOT(2,8)
CHARACTER*10 OMOT(3,6).FMOT(3)
CHARACTER*110 PARS3 DATA METER /'METE'/
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DATAWJUNIT P' (M'.'ETER','S) :'(MET:,'ERS/','SEC~)' 'DEG:

2 (G) ',' ',' (','DEf)', '* (DE',G/SE',C)''DG'
2 /SEC'2 ', ' LBS) ,' '
DATA PPLM /'LOXG.','LATE.l,'VERT.'/
DATA HEEN /'HOR'/
DATA HHFEK /IEORZ.P/
DATA TTLM /'DISP.',lVEL. '.'ACC. I/
DATA PT /'PI','P2'.'P3' ,'P4'.'PS.,'P6','P7'2,P8'.P','p"P1'/
DATA 77 /'DSP','VEL','ACC'/
DATA PPM /'LOU','LAT','VER'/I
DATA OKOT /'SURGE','SURVEL','SURACC','SV'AY'.'SWAVEL','SWAACC',

2 'P ,'ROLACCACC','PITCH',
2 'ITVL' 'PTAC' 'YAW' 'YAWVEL-, 'YAWAC'C'/

DATA ORGMOT P' S','URGE',' ''SWA'.',' H','EAVE',' '

2'ROLL',' P','ITCH',' '.' YAW'!
DATA PNTMOT P' LOX'.'GIT.',' LAT','ERAL','VERT','ICAL'/
DATA HFEMOT P' HDR','IZ. 'V
DATA FMOT /'FINANG'. 'FINVEL' ,'FINACC'!
DATA LOAD' /I .S','HEAR;,' V.S','EEAR'.' T','ORS.',' V.B',
2'END.',' H.B','ERD.'/I
DATA LTYPE /:FORC','E ',' ','MOME','NT '' '
DATA LUNIT /' (T','OASJ''',' (M-','TONS',') ''(FT'.

2 '-TON','S) 'V
DATA TYPE /'DISP','LACE','NENT','VE.LO','CITY',' ','ACCE',

2 'LERA','TION','ANGL','E ,' ','MOTI','O)N , 3

DATA RLT /'RLM'.'RLV'/
DATA RELMOT /'RELA'.'TIVE'/
DATA ADRES /I A','DDED)'!
DATA ADRTYP /'RESI','STAN','CE '
DATA UNIT!' (F','EET)',' ','(FEE',lT/SE','C) ',' I,

2 ' (G) ', ' I ' ( ' ,DECG , ' (DE ','G/SE '.'C) ','(DEG'
2 '/SEC' ,'2) "I (3,

RUNT? 1ý = UNITT ,ITýRUNIT) 2I NT2I
RUNIT 2) = UNIT(3,IT)
IF (PUNITS~l (1 EQ. METER) RUNIT8 (1 MUIUTT (IT1)
IF (PUNITS (1 .EQ. METER) RUNIT (2) =UNIT (2.IT)

IF (PUNITS(1) .EQ. METER) RUNIT(3) = MUNIT C3,IT)I
JT= IT +3

IF (IP GT. 0) GO TO 20

IF (IM GT. 6) GO TO 10

* origin motionsI

RTITL (1) S RGMOT (1:IN)
RTITLý2) ORGMOT (2, IM)
RTYPE (1I TYPE 1,IT)
RTYPEff2 = TYPE 2,1T)
RTYPE 3 =TYPE 3,IT)
IF (IM.GT.3 AND. IT.EQ.1) RTYPE(1) = TYPE (1,4)
IF (IM.GT.3 .AND. IT.EQ.l) RTYPE(2) =TYPE (2,4)
IF (IM.GT.3 AND. IT.EQ.1) RTYPE(3) =TYPE(3,4)
IF (IN .GT. 3) RUNIT(1) rUNIT I1 JT)
IF IM .GT. 3) RUNIT (2) = UNIT (2; .T,
IF (IM .GT. 3) Rt!,T (3)= UNIT(, JT)
IF ýPUNITS I .EQ. METER -AND. IM .GT. 3) RUNIT(1) MUNIT 1 3T))
IF PNTl. EQ. METER AND. IM GT. 3) RUNIT(2) M UNIT 2: JT)
IF PUNITS(l) .EQ.. METER AND. IM Gl'. 3) PJJNIT(3) -MUNIT(3,JT)

WRITE (PARS,3000) (OMOT(IT,IM),J=1,2)
3000 FORMAT (Al0,lOX,AlO,80X)

GO TO 60
10 IF (IM .NE. 7) GO TO 30

* added resistance

RTITL () =ADRESH()
RTITL (2) = ADRES (2)
RTYPE (1) = ADRTYP(l)
RTYPE (2) =ADRTYP(2)
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3RTYPE ý ( = ADTY
RUNIT (1 = UNIT(17
RUNIT (2)= UNIT(2.7)
RUNIT(3) =UNIT(3,7)
GO TO 50

20 IF (IM .GT. 3) GO TO 30

m sotions at a pointI PTITL( 1) c PHTMOT(1,IM)
flTITL(2) = PNTMO (, IM)
RTYPE (1) TYPE( ,IT)
RTYPE 2) = TYPE(2 ,IT)1RTYPE (3) =TYPE(3,IT)
WRITE (PARS.3010) PPM(IN) ,TT(IT) .PT(IP) .PPLN(IM) ,TTLM(IT),

2 XPTLOC(IP),YPTLOC(IP),ZPTLOC(IP)
3010 FORMAT (3A3,IIX,AE.,1X AS 4X,2HAT,4X,SHXFP =.F6.2,3X,SHYCL =

2 F7.2.3X,SHZBL =,F7.2.28x5I GO TO 60
30 IF (IM .IE. 8) GO TO 50

* relative motion

RTITL (1)= REt.MOT (1
RTITL (2) = RELMOT (2)
RTYPE(1) = TYPE(1.IT)
RT'.'?E (2) TYPE(2,IT)I RTYPE (3) = TYPE (3,IT)
IF (IT EQ. 1) RTYPE (1)= TYPE(1)
IF (IT EQ. 1) RTYPE (2)= TYPE 2.5)8
IF (IT .EQ. 1) RTYPE(3) =TYPE(3,S)
WRITE (PARS,3020) RLT(IT),PT(IP),RTITL,RTYPE,XPTFBD(IP),I 2 YPTFBD (IP) ,ZPTFBD(IP)

3020 FORMAT (2A3,14X,2A4,1X,3A4,2HAT,4X,5HXFP =,F6.2,3X,SHYCL =
2 F7.2,3X,SHZBL =,F7.2,22X)

S0 IF (IM WE. 9) GO TO 72

* anti-roll fins

RTITL(1) =I I
RTITL(2) = FIN'
IF IT. EQ. 1) T
IF ITG.I I3T =IT

60 RTYPE(I) =TYPE(IJT)
JT = IT+3
DO 70 1=1,3

70 RUNIT(I) =UNIT(I.JT)
WRITE (PARS,3000) FMOT(IT).FMOT(IT)

I72 IF (IM WNr 15) GO TO 80
RTITL (1) =HFEMOT (1
RTI'IL 2ý = HFEMOT (2)
RTYPE (1 = TYPE(1,3)
RTYPE (2) = TYPE(23)IRTYFE (3) =TYPE 3:3)
RUNIT (1) =UNMT1,3)
RUNIT (2) = UNIT(2.3)
RUNIT (3) =UNIT 3.3)
WRITECPARS,3010) HFEMTrr(3) P'T(IF),HHFEM,TTLN(3.),

2 XPTLOC IP) ,YPTLOC(IP),ZPTLOC IP)

80 IF (.NOT. (IP.GT.0.AND.(IM.GE.10.AND.IN.LE.14))) GO TO 1003 * loads
JM = INM 9
RTITL(1) LOAD ( ijM)
RTITL (2) LOAD (2, 3M)
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LT = I
IF (IM .GT. 11) LT =2
MT = LT
IF (LT.EQ.2.AND.(PUNITS(l).IE.METER)) MT 3
Do 82 I=1,3

RTYPE(I)-cLTYPE CI.LT)
82 CONTINUE

IF 3M.EQ 1WRITE ýPARS.01P PLSN(I
3M.Q.2WRITE PARS33 PTP LDN IP

I M -EQ. 3 WRITE PARS 3033 PT ~ip XLDSTN IP
IF 3M .EQ. 4) WRITE (PARS,3034) PT(IP) ,XLDSTN (IP)IF 3K .EQ. 5) WRITE (PARS .3035) PT( IP) XLDlSTN (IP)

3031 FORMAT(6HHSHEAR,A3,11X,29HHORIZ. SHEAR FORCE AT STATION,F6.2,55X)
3032 FORMAT 6HVSHEAR,A3,11X,29HVERT. SHEAR FORCE AT STATION,r'6.2,S5XU
3033 FORMAT 4HTMOM, A3,13X,29HTORSIONAL MOMENT AT STATION,F6.2,65E
3034 FORMAT(4HVMOM, A3,13X,29HVERT. BEND. MOM. AT STATION,F6.2,SSX)
3035 FORMAT(4HHMOM, A3,13X,29'MHORIZ. BEND. MOM. AT STATION,F6.2,SSX)
100 CONTINUE

RETURN
END

C DECK RVSLAT
SUBROUTINE RVSLAT (VCG,MCTLG,MOTL)

COMPLEX MOTLG(3) ,MOTL(3)

MOTL (1)= MOTLG(1) + VCG*MOTLG(2)

MOTL (2) =MDTLG(3)

RETURN
END

C DECK SEEDDY
SUBROUTINE SEEDDY

COMMON /APPEND/ NBKSET.NBKSTN(2),BVIMAG(2) ,BKFS(2),BKAS(2), fl

2 BKWD(2),BKSTN(10,2),BKHB(10,2).BKLNTHBKWDTH,
2 BKWL(10 2),BKAN(10,2),NSKSETr,SKIMAG(2),SKFI.S(2),SKALS(2).
2 SKAUS 2 ,SKHB(2) SKFLWL 2),SKALWL 2ý SKAUWL 2),NRDSETRDIMAG(2)
2 RDRFS 2 RDRAS(2S RDRHB(2),RDRFWL 2 :RDRAWL(2), RDTFS(2),RDTAS(2S,, 1
2 RDTHB(2) RDTFWL(25 RDTAWL(2) NSBSET,SBIMAG(2),SOBRFS(2),SOBRAS(2)
2,SOBRHB(2ýS ,OBRFW(25 ,SOBRAW(125 SIBRFSk2) ,SIBRAS(2) ,SIBRHB(2),
2 SIBRFW(2),SIBRAW(2).SBTFS(2),SBTAs(2),SBrHB(2.),SBTFWL(2),
2 sBTrAWL(2),NFNSET.FNIMAG(2) FNRFS(2) FNRAS(2",
2 FNRHB(2) FNRFWL(2) FNRAWL(2),FNTFS(2),FNTAS(2),FNTHB(2),
2 FXTFWL(2S ,FNTAWL(25 ,NEXPRD,ENRDO(8) .ENRDS(8)

COMM1ON /CH3D/ ISIGMA,SIGMIN,SIGMAX,V,SINMU,COSMU,WTSI,
2IMMIN,INMAX,IMDEL,LMIN,LMAX
REAL SIGMIN,SIGMAX,V,SINM1J,COSMU,WTSI(4)
INTEGER ISIGMA,IMMIN,IMMAX,ItADEL,LMIN,LMAX

COMMON /ENVIOR/ VK,NVK,MU,NMU,OMEGA,NOMEGA,SIGMA,NSIGMA,SIGWH,

INTEGER NVK,NMU,NOMEGANSIGMA,NSIGWH,NTMODNRANG,NNMU(8)

REAL VK(8),MU(37,8),OMEGA(30),SIGMA(1O) SIGWH(4),TMODAL(8),
2 RANG(8),RLANG(8),S(30,8),FRNUM(8).VFS(85

COMMON /PHYSCO/ II,TPI,PI.PIOT,DEGRAD,RADDEG,VKMETR,METRVK,GRAV,
2 RHO,GNU,RHOS,RHOF,GNUS,GNUF.FTMETR,PUNITS,REYSCL
COMPLEX II
CHARACTER*4 PUNITS(2)
REAL TPI,PI .PIOTDEGRAD,RADDEG,VKMETR.METRVK,GRAV,RHOGNU.RHOS.

1 RHOF,GNUS ,GNUF,FTMETR

COMMON /RLDBK/ PSUR(25),BMK(25).DK(26),CAK(25),HQ,HSPAN.HMNCHD,
2 HAREA,IIXCPHYCP,HZCP,HGAMMA,HYHAT HEAR,HLCS,RQ(2),RSPAN(2)
2 RMNCHD(2),RAREA(2)-,RXCP(2),RYCP(2S,RZCP(2),RGAMMA(2),RYHAT(2),
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2 RER 2,RLS 2,SQ2),SSPAN(2),SMNCHD(2),SAREA(2) SXCP(2).
2 ASCl SCjC 2 MMA(2),SYRAT(2),SEAR(2) SLCS(25 BQ(2).

2 MS CE~), BAREA(2),BXCP(2),BYCP(2,SzcP(25,BGAMAA(2),

2PZCPZ2 i) PGA1MAi(2.2),PYHAT(2,2),PEAR(2,2 PL( 25
2STADN1PUlOS,SHPDMP(10.8),ENCON,WPHI,TPHIW LM(4,95 SFELM(4,9,8),
2REELM(4 9 8),PEELM(4,9,8),FEELM(4 9 8) HEELM(4,9,85,BEELM(4,9,8),
2EWWM ENSF58,i),ENREW )ENPE(8), ENFEt8) .ENHE(8),ENHE(8),I2 ENEMV(8.8),ENflL(8),ENPL(8).ENFL(8) EMBL(8) ENSL(8),ENBL(B),
2 ENSHP(8,8) RELM(4 9) ITS(26),RD(25S,EDDY(8,2s),RGB(26)

REAL RflBLXt2Fq2) ''
EQUIVALENCE kPSUR(1) ,RfBLK(l))

DO 20 IA=1,TtANG

a1 30: ~EXPE(IA) GO TO10

IF (L.BEQ. .AD BH()EQ.O0 ) GO TO 10O

YHAT = SRTCPYCP(K L)**2 + PZCP(K,L)**2)
GAMMAE =PGAMMA(K L) + I1.
ALFP' ' .TAN( ABS( tZ(PYCP(K L)/PZCP(K,L)i) + TAN(GANMAEODEGRAD))/

2(1. -(PYCP(K L)/PZCP(K,LS )*TAN (GAMqNAE*DEGRADý))I C = 0.0085 + PLCS(K,L).*2)/(O.9*PIaPEAR(K,L))
COXN PQ(K,L)*4./(3.*PI)*RMO*YHAT**3 s PAREA(K,L)*C*SIN(ALF)
DO 40 IA=1,NRANG
DO 30 IS=1.NSIGMA
SHPDMP(IS.IA) =SHPDMP(ISIA) + (CON*SIGMA(IS)*RANG(IA))

2SIGMA(IS)
30CONTINUE

40 CONTI-NUE
60 CONTINUE'I60 CONTINUE

DO 70 IA=1,NRANG
CALL SPFIT (SIGMASHPDMP(I,IA),PEELM(l I IA) ,NSIGMA)
ENPE(IA) =E:NCON*REVAL(PEELM(1,ISIGMA,IAS ,WTSI)

70 CONTINUEI100 CONTINUE
hETURN
END

CDECK SBLIFT
SUBROUTINE SELIFT

COMMON /APPEND/ NBKSET,NBKSTN(2) ,BKIMAG(2) ,BKFS(2),BKAS(2),
2 BKWD (2),BKSTN(1O,2),BKHB(10,2),BXLNTH BKWDTH,

2BKUL(O 02) .BKAN(20,2),NSKSET,SKIMAG(2S,SKFLS(2),SKALS(2).
2SKAUS(23 SKHB(2) SKFLWL'2) SKALWfl() SKAUWL(2),NRDSET RDIMAG(2)

2 RDRFS(2) nRflFAS(2S RDRHBý2),RDRrWL(2).RDRAWL(2) ,RDTFS(2' ,RDTAS(25
2 RDTHB (2) RD*TFWL(25 RDTAWL(2) NSBSET,SBIMAG(2),SOBRFS (2), SOBRAS(25
2 ,SOBRHB 2 ~ SOBRFW(2ý ,SOBRAW(2),SIBRFS(2),SIBRAS(2),SIBRHB(2),
22 SIBRFW () SI BRAW(2) SBTFS(2),SBTAS(2),SBTHB(2),SB'rFWL(2),

REAL VX(8).MU(37,8),OMEGA(30),SIGMA(10),SIGWH(4),TMODAL(8),I~ ~ RANG (8) ,RLANG (8) , S( 30, 8) ,FRNUM(B) ,VFS(8)

COMMON /GEOM/ X,NSTATN,Y,Z,NOFSETLPP,BEAM,DRAFT,LCF,
1 VCG,GM.DELGM,NEBLA,KPITCH,KROLL,KYAW,KYAWRL,AWP,VCB,FBDX,FBDY,
2 FBDZ,NJFREBD.XPT,YPTZPT,NPTS,LCB,GML,ASTAT,BSTAT,TITLE,MASS,
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2 DISPLN,IPITCHIIROLL,1VAW.IYAWRL,CREAVI,CPITCH,CREAPI.CROLL,
2 AREAMXXWSURF,GIRTH,FBDZV DBLWL TLCB

INTEGER NSTATNNOFSET( 25 SNFREBD ,NPTS
CHARACTER*4 TITLE(20)
REAL X(25).Y(10,25),Z(i0,25),FBDZV(8,1O),LPP,BEAM,DBLWL,TLCB, 1

2 DRAFT LCF VCO GM DELGM NEBLA KPITCH KROLL KYAW KYAWRL,AWP,VCB,
2 FBDX(IO) ibDYtlOi FBDZUIO),XPT(1O),YPT(10S.ZPTUIO),LCB,GML.
4 ASTAT(255 ,BSTAT(25) ,MASS,DISPLM,IPITCH,IROLL.IYAW,
6 IYAWRLL,CHEAVE.CPITCH.CHEAPI,CRLOLLAREAHX.WSURF,GIRTH(2S)

COMMON IPHYSCO/! II ,TPI ,PI ,PIOT,DEGRLAD ,RADDEG .VKMETR,METRVK .GRAV.
2 RHO,GNURHOS,RHOFGNUS,GKIJF,FTMETR,PUNITS.REYSCL

COMPLEX II
CHARACTER*4 PUNITSC2)
REAL TPI, PI,PIOT.DEGR.AD.RFADDEG, VKKETR, METRVW. GRAV, RHO, GNU, RHOS,

1 RHOFGNUSGNUF,FTMETR

COMMON /RLDBK/ PSUR(25).BMK(25),DK(25) ,CAK(25).EQ,HSPAN,F.MNCHD,
2 HAREA,HXCP,HYCP.HZCP,HGAMMA,HYHAT,HEAR.HLCS.RQ(2L)RSPAN(2),
2 REARH(2) ,RLCS (2),SQ C(2).SSPAN(2),SNCH(2),SGAMEA(2), SXCP(2).
2 RMNCHD(2).RARS2SQ(2),RXCPAN2).C(2,RZNCP(2),SRGANA(2) YHAT(2),
2 SYCP(2) SZP2) ,SGAMMA (2),SYHAT(2) SEAR(2) SLCS(25 BQ(2),

2 BSAN(2BMNCHD(2) BAREA(2),BXCP(25,BYCP(2),BZCP(2 5.BGAMMA(2),
2 BYHAT(2ý .BCEAR(2),BLCS(2),FQ(2),FSPAN(l),FMNCHD(2) FAREA(2).
2 F:XCP(2 ,FYCP(2),FZCP(2),FGAMMA(2),FYHAT(2) FLAR(25 FLCS(2),
2 PQ(2 2) PSPAN (2 2),PMNCHD(2 2) PAREA(2 2) PXCP(2 25 PYC?(2,2),
2 PZCP~2 2) PGAMMA(2.2),PYHATý2,2),PEAR(2.25 PLCS(2 251
2 S'rADMP(10S,SHPDMP(1o,8),ENCDN.WPRI TPHI,WMELM(4 95 SFL-M(4,9 8)
2 REELM(4 9 8) PEELM(4.9,8),FEELN(4,6,8 ,HEELM(4 6,85 BEELM(4,9685,
2 ENWMEW5Ft8,8) ENRE(8),ENPE(8),ENFE(8 ,ENHE(8),ENBE(8),

2 ENMV(88) ,NRL8),ENPL(8),ENFL(8) ENHL(8).ENSL(8),ENBL(8),
2 ENSHP(8:8) ,REL(4 ,9). ITS(2~,),RD(2S5,EDDY(8.25),RGB(26)
REAL RDBLK(2692)
EQUIVALENCE (PSUR(l) ,RDBLX(1))

REAL LCSMCBORD

IF (WSBSET .EQ. 0) GO TO 60
EN =0£
DO 50 K=1.NSDSET
DO 40 L=1,2
IF (L.EQ.2 .AND. SBTHB(K).EQ.O.) GO TO 40

IF (L .EQ. 2) GO TO 20
outer brackets

XRTF = LCB - SDBRFS(K)*STASPC
XRTA =LCB - SOBRAS(K)*Sl'ASPC
XTPF =LCB - SBTFS (K)*STASPC
XTPA =LCB - SBTAS(K)*STASPC
YRT = SOBRHB(K)
YTP =SBTHB(M)
ZRT =(SOBRFW(K) + SOBRAW(K))/2 - (DBLWL+VCG)I

ZPL(SBTFWL(K) +SBTAWL(K))/2 - (DBLWL+VCG)
GO TO 30

i aner bracket

20 XRTF = I.CB - SIBRFS(Y)*STASPC
XRTA =LCB - SIBRAS(K)*STASPC
YRT SIBRHB(K)
ZRT (SIBRFW(K) * SIBRAW(K))/2 - CDBLWL.+VCG)

30CHONDTINUE RT
TCHORD = XRTF - XRTA

SPAN =SQRT((ZRT-ZTP)**2 + (YTP-YRT)**2)

MCHORD = 0.6*((XRTF-XRTA) + (XTPF-XTPA))

* area
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* center of pressure

ZP =0.6* ZRT+ZTP)
YP = 0.6* YPT + YTP)
X0 = 0.6*kXRTF + XTPF)
XCP = X0 - 0.25*MCHORD
YCP = Yr
ZCP = zP

moment arm

ARG =(ZRT-ZTP) / SPAN
GAMMA =- 90
IF ýARG .LT. 1) GAMMA ASNAG)RDE

YHT YCP*COS(GAM) +ZCP*SINk(GAM)

* effective aspect ratio

EAR v2*SPAN/MCHOR.D

* lift curve elope

LCS = 2.PI
PQ(I<.L) =Q
PSPAN(I{,L) = SPAN
PMNCHD(K,L) zMCHORD
PAREA(K,L) = AREA
PXCP(K,L) = XCP
PYCP(~K.Lý YCP

PZPK.L, = ZCPI ~PGANMM(K.L) = GAMMA
PYHAT(K.L) =YHAT
PEAR (K,L? =EAR
PLCS (K,L.) = LCSft EN = EN +Q*(RHO/2)*AREA*LCS*YPA7.YRAT*WPHI*ENCON

40 CONTINUE
50 CONTIWI'E
e.O CUNTINUE

DO 70 IV=1,NVKI ENPL(IV) =0
IF (NSESET .GT. 0) EN1PL(IV) =EN*VFS(IV)

70 CONTINUE

RETURNI END
C DECK SCB2

SUBROUTINE SC52 (DELHDG,B2,PI,NLCH)

This routine pro-ccm1putes the shortcrested weighting
constants. B2, for va'~iable spreading angles.

* W.G.MEYERS, DTNSRDC, 072977

INTEGER DELHDGI DIMENSION B2(NLCH)

N =180/(2*DELHDG)
CONI= 1./N

CON2 =?I/(2.N)
DO 10 X=1,NLCH

COSI = COS(I*CON2)
B2(K) = CON1*COSI*COSI

10 CONTINUE

RETURN3 END
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C DECK SECTI
SUBROUTINE SECTI

* TK=Ibwac os-nro rdetermines section type (ITSK) and bilge ra~dius (RDK)I

* ITSK = 2 full sections
* ITSK =3 shallow v or u (destroyer stern)
* ITSK = 4 very rou~nded destroyer midship section - no eddyinaking

COMMON /APPEND/ NBKSET.NBKSTN(2) ,BKIMAG(2) ,BKFS(2),BKAS(2),I
2 BKWD (2) ,BKSTN(1O.2),BKHB(IO.2) ,BKLNTH BKWDTH,
2 BKWL(IO 2) BKAN(10,2),NSKSET,SKIMAG(25.SKFLS(2),SKALS(2),
2 SKAUS(25,SKHB(2) SKýLWL(2),SKALWL(2',SKAUWL(2)',NRDSET.RDIMAG(2.).
2 RDRFS(2),RDRAS(2$ RbRHB(2),RDRFWL(2),RDRAWL(2) RDT~sM 2RDTAS(2)
2 RDTHE(2 RDTFWL(25 RD'rAWL(2) NSBSET,SBIMAG(2),SOBRFS ~2) ,SOBRAS(25
2,SDBRHB (25 SOBRFW(25 ,SOBRAW(25,SIBRFS(2),SIBRAS(2),SIBR.HB(2),
2 SIBRFW (2) SIBRAW(2) SBTFS(2),SBTAS(2),SBTHB(2),SBTFiJL(2).
2 SBTAWL(2) NFNSET.FNJIMAG(2),FNR.FS(2),F'NRAS(2),
2FNRHB(2) FNRFWL(2) FNRAWL(2) FNTFS(2),F'NTAS(2),FNTEB(2),I

2 FNTFWL(25,FNTAWL(25,NEXPRD,EN.,RDO(8),ENRDS(8)

COMMON /DATINP/ OPTN,?MOTN,BSCFIL.VLACPR,RAOPR,RLDMPR,DISPLKr,
2 LRAOPR,ADRPR.ORGOPTN,GMNOMIKG,STATN(2S) ,NSOFST(25),
2 NLEWF(2S) HLFBTH(1O,25),W1'RLNE(10,25),BLE-WF(2S),TLEWF(25),
2 AREALF(26 ,NPTLOC,PTNUMB(10),PTNAMEXPTLOC(IO),YPTLOC(10),
2 ZPTLOC( 10 ,NBB,FBNUMB(10).FBNAMEXPTFBD(IO),YPTFBD(1O),
2 ZPTFBD(10),FBCODE(lO),FBTYPE,RDOT(10),VKDES,FNDES,
2STATNM,STATIS
CHARACTER*4 PTNAME(8,10) ,FBNA1IE(8.I0) ,STATNM(&),FBTYPE(3,10)
INTEGER OPTN,MOTN,BSCFIL,VLACPR,RAOPR,ADRPR,RLDMPR.FBCODE,

2 FBNUMB,PTNUMB,ORGOPTN
REAL KG

COMMON /GEOM,' X,NSTATN,Y,Z,NOFSET,LPP.BEAM,DRAFT,LCF,I
I VCG,GMDELGM,NEBLA,KPITCHKROLL.KYAW,KYAWRL,AWP.VCB,FBDX.FBDY,
2FBDZ,NFP.EBD,XPTYPT.ZPT,NPTSLCB,CML.ASTATBSTAT,rITLE,MASS,
2DISPLN,IPITCH,IROLL,IYAW,IYAWR.L,CHEAVE,CPITCH,CHEAPI,CROLL,
2 AREAMX,WSURF,GIRTH,FBDZV DBLWLTLCBI

INTEGER NSTATN,NOFSET(205,NFREBD.NPTS
CHARACTER*4 TITLE(20)
REAL. X(25),Y(l0,25).Z(10,25),FBDZV(B,10),LPP,BEAM,DBLWL,TLCB,

2 DRAFT,LCF,VCG,GM,DELGM,NEBLA KPITCH KROLL KYAWKYAWRL,AWP,VCB,
2FBDX(l0) FBDY(I0),FBDZ(1O),XPT(1O),YPT(IO5,ZPT(lO),LCBGML,

4 ASTAT(255,BSTAT(25),MASS,DISPLM,IPITCH,IROLL,IYAW,
S IYAWRL,CHEAVECPITCH,CHEAPI,CROLL,AREAMX.WSURF,GIRTH(25)

COMMON /10/ SYSFIL,POTFIL,COFFIL,LCOFILICARD,TEXFIL,IPRIN,
2SCRFIL,HPLFIL,LRAFIL,ORGFIL,RAOFIL,RMSFIL ,SEVFIL,SPDFIL,

2 SPTFIL,LACFIL,LAErIL
INTEGER SYSFIL,POTFIL,COrFIL,LCOFIL,ICARiD,TEXFIL,IPRIN,

2 SCRFIL,HPLFIL,LRAFIL,ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,
2 SPTFIL,LACFIL,LAEFIL

COMMON /RLDBK/ PSUR(2S) BMK(25) ,DK(25) ,CAK(25) ,HQ,HSPAN,HM1NCHD,
2 HAREA,HXCP,HYCP,HZCP.HGAMMAHYHAT HEARHLCSRQ(2),RSPAN(2),
2 RMNCHD(2),RAREA(2),RXCP(2),RYCP(25.RZCP(2),RGAMMA(2),RYHAT(2).
2 REAR 2),RLCS 2):SQ(2).SSPAN(2),SMNCHD(2),SAREA(2) SXCP(2),
2 SYCP '2) SZP2) SGAMMA(2),SYHAT(2) SEAR(2),SLCS(2S BQ(2),
2 8SPAN 2R.MNCHD(2) BARFFA(2)¾BXCP(2S,RYCP(2),RzCP(2S,BGAMMA(2),

2 FXCP(2),FYCP(2),FZCP(2),FGAMMA(2),FYHAT(2),FEAR(25 FLCS(2
2 PQ(2,2).PSPAN(2,2),PMNCHD(2,2),PAREA(-,2) PXC?(2,25 PYCP(2 "),
2 PZCP(2 2) PGAMMA(2,.2),PYHA'T(2,2),PEAR'(,2ý,2PLc.-(2 25,
2 STADMP(105,SHPDMP(10,8),ENCONA'T1,TPHIWMELM(4,95 SFELM(4 9,8)
2 REELM(4 9 8),PEELM(4,9,8),FEELM(4,9 8) ,HEELM(4,6,85,BEELM(4,9,8i,
2 ENWM,ENSFý8,8).ENRE(8),ENPE(8). ENFEý8) ENHE(8).ENBE58),
2ENEMV 8,8),ENRL 8),ENPL(8),ENFL(8) ENHL(8),ENSL(8),ENBL(8).

2 ENSHP 8 8) RELM 4,9), ITS(2S),Rfl(25ý,EDDY(8,25).RGB(25)
REAL RDHBLKý2692)
EQU;VALENCE (PSUR(11) RDBU((1))
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DIMENSTON AA(3,4),AR(10)

M N STATY + I
00 100 K=1,NSTAiNK

ITSK'N

IF NODSNFSET(K)LT 2) GO TO 21

BLOCAL m BKK(K)
TLOCAL =DK(K)
ORG =TLOCAL - VCG
CAC - CAK K)
GDB = ABS ORG)/(2,*BLOCAL)I ~RNIN=1 .E38
NNM=NNODES-1
DO 31 I12,NNM
DO 32 3=1,3
IDX=I+3-2
AA 3,1 =Y$ IXK)ms.2.Z(IDX,K)**2
AA J,2 =Y IDX.K)
AA(J,3.=Z IDX,X)
AA(3 ,4)=1 .0

32 CONTINUEI ~A=CMINR(1 ,AA)
B=-CMINR(2,AA)
C=CMINR(3,AA)
D=-CMINR(4,AA)
IF (A .EQ. 0) GO TO 33
DY=Y(I+i ,K)-Y(I-1 ,K)
IFAABS(Dy Eý. 0.) GO TO 33

IF(ZT.LE.z(I,K)) GC TO 33
YC=-B/ (2..A)
ZC=-C/ 2. A)

33CONTINUE
RDK=RMIN

SERE not used (triangular secti.ons)
IF (BDG.GT.0.8 .AND. BDG.LE.2.25) ITSK =3

IF (CAC .GT. 0.65) ITSK = 4
IF (CAC .GE. 0.95) ITSK = 2
IF (GDB .GE. 1.2) ITSK = I

* no eddymaking (TANAKA) for stations wiith bilgekeels

IF (NBKSET EQ. 0) GO TO 40
DO 30 I=1,NBKSET
NBKS = NBKSTN(I)
Do (.O.STT()EQ.BKSTN(J I))) GO TO 20

ZBK =BKWL(J,I) - DBLW'.

WRITE (IPRIN.1000) BK3TN(I.1).YBK.ZBK
1000 FORMAT (/3Fl0.2)

M 1=2
M2=NNM
DO 11 NNz2 NNM
IF (Z(NN,KS.LT.ZBK) GO TO 11
M2=NNI MI=NN-1
IF (Z(NN,K).EQ.ZBK) N2=NN+l
GO TO 12

11 CONTINUE£12 CONTINUE
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L = NNODr
DO 13 NF z,NNM

R = AR(L)
WRITE (IPRIN;101O) Y(L K),Z(L,K).AR(L)

1010 FORMAT (2Fi3.2,1PE12.2)
13 CONTINUE

WRITE(IPRIN,1011) MI,M2
1011 FORMAT (' M1, M2 = ',215)

search for minimum radius of the bilge starting from the waterline
RMIN = AR(M2) • -
L = M2+1 S
DO 15 NN=M1,M2
L =L - 1
R AR(L)
IF (R .GT. RMIN) GO TO 17
RMIN = R

!S CONTINUE
17 RDK = RMIN

WRITE (IPRIN,1020) RMIN
1020 FORMAT (8H RMIN =,1PEi2.2)

ITSK= 4
GO TO 21

20 CONTINUE
30 CONTINUE
40 CONTINUE

SERE used for Eections with skegs

IF (NSKSET .EQ. 0) GO TO 60
DO 50 I=INSKSET
IF (STATN(H) .LE. SKAUS(I) .AND. SIATN(M) fjE. i5KFLst1)) 1SK = S

50 CONTINUE
60 CONTINUE
21 CONTINUE

RD(K)=RDK
ITS(K)=ITSK

100 CONTINUE

RETURN
END

C DECK SERAB

SUBROUTINE SERAB (K,ROLANG,BLOCALTLOCAL,ORG,RD,EDDY,RGB)

EXTERNAL EXP

" calculates eddy-making roll dariing data for TANAKA suries A and B
* REF- TANAKA, J. 20S2N'KUOKAI, V L. :09, 1961

RGB = SQRT(ORG*ORG - BLOCAL*BLOt-AL - RD*(SQRT(2.)-1.)
BDG = 2.*BLOCAL/ABS(ORG)
C = FIG56(ROLANG,BDG)*EXP(-FIG7(RC(.ANG)*RD/ABS(TLOCAL)U
C = C-FTWO(K,TLOCAL,RD)
EDDY = C--

RETURN
END

C DECK SERD

SUBROUTINE SERD (K,ROLANG,BLCCAL,TLOCALORG,,EDY,RGB)

EXTERNAL EXP

* calculates eddy-making roll dar ping data for TANAKA series D
• REF- TANAKA, J. ZOSEN KIOKAI. VOL. 109, 1961
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RGS = ABS(ORG)
IF (BLOCAL .LE. 0.) 0.63
IF (ELOCAL .LE. 0.) G0 TO 10
GDB =RGB/(2..BLOCAL)I REQ = FIG1O(GDB)*BLOCAL
BIG = 1./GOB
C = FIG56(ROLANG,BOG)*EXP(-FIG7(ROLANG)*REQ/ABS(TLOCAL))

'10 CONTINUE
C DYC*FTWO(K,TLOCAL.REQ)

RETURN
ENDIC DECK SERE
SIUBROU`TINE SERE (BLOCAL,ORG PEDOY,RGB)

'calculates addy-making roll dam ping data for TANAKA series EI REF- TANAKA, J. ZOSEN KIOKAI, VOL. 109, 1961
RGB = ABS(ORG)
BIG =2.*BLOCAL/ABS(ORG)
C =FIG1I(BDG)I EDDY = C
B ETIURN
ENDIC DECK SETSEVTYSUBROUTIN SETSEV (NSVRSP,LSVRSP)

COMMON /RESPN/, NRESP,IPOINT(182),IMOTN(182)/,ITYPE(182),
2 ILIN(182),ISYMU182)I LOGICAL ILIN,ISYM

DIMENSION LSVRSIP(NSVRSP)

DO 160 LR=1,NSVRSP
D0 140 IR=1,NRESP
IP = IPOINT(IR)
IM = ImO'7TH(IR'
IT = ITYFE(IRi
0O TO (0,--,30-,40,SO,60,70.80,90,100,110,120,130) ,LR

10 IF (.NOT. (I7.EQ.O AND. IM.EQ.3 .AND. I-.EQ.1)) GO TO 140

* heaveI GO TO 150

20 IF' (.NOT. (IP.EQ.0 .AND. IM.EQ.S .AND. IT.EQ.1)) GO TO 140

pitchIGO TO 150

iO IF (.NOT. (IP.EQ.O AND. IM.EQ.2 .AND. IT.EQ.1)) uo TO 140

I * G~TO 150

'*0 IF (. NUT. (IP.EQ.0 .AND. lM.EA4.4 -AND l.Qa)GU TO 140

rollIGO TO 160

SO IF '.NOT. (IP.EQ.0 .AND, IM.EQ.,6 .AND, J.T*EQ.1)) GO TO 140

I yaGO TO 150

160 IF (.N~r. (IP.EQ.1 .AND. IM.EQ.3 AND. IT.EQ.3)) GO TO 140
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* vertical acceleration at point I (pl)I
GO TO 150

70 IF (.NOT. (IP.EQ.1 .AND. IM.EQ.2 .AND. IT.EQ.3)) GO TO 140

* lateral accoleration at point 1 (p1)I
GO TO 160

80 IF (.NOT. (IP.EQ.2 .AND. IM.EQ.3 .AND. IT.EQ.3)) GO TO 140

* vertical acceleratio" ext poixit 2 (P2)
GO TO ISO

90 IF (.NOT. (IP.EQ.2 AND. IM.EQ.2 .AND. IT.EQ.3)) GO TO 140

A lateral acceleration at point 2 (p2)
GO TO 1S0

100 IF (.KOT. (IP.EQ.3 AND. IM.EQ.3 AND. IT.EQ.3)) GO TO 1405

* vertical acceleration at point 3 (p3 )
GO TO 16O

110 IF (.NOT. (IP.EQ.3 AND, IM.EQ.2 AND. IT.EQ.3)) GO TO 1405

* lateral acceleration at point 3 (p3)
CO TO 150

120 IF (.NOT. (IP.RQ.4 .AND. IM.EQ.3 AND. IT.EQ.3)) GO TO 1403

* vertical acceleration at point 4 (p4)
GO TO 150

130 IF' (.NOT. (!P.EQ.4 .AND~. IM.EQ.2 .AND. IT.EQ.3)) GO T)' i403

* lateral acceleration at point 4 (p4 )

GO TO iSO

140 CONTINUEU
150 LSVRSP(LR) = IR
160 CONTINUE

RETURN
ENDI

C DECK SEVMCT
SUBROUTINE SEVMOT (NSVRSP,RSPNME,HDNG ,IMODL)

COMMON /DATINP/ OPTNy.OTN,BSCFILVLACPR,RAOFR,RL.DMPRDISIPLMT,
2 LP.AOPR,ADRPR,ORGOPTNGM1N0M.XG.STATN(2S) ,NSOFST(2S).
2 NLEWF(25),HLFBTH(10,2S),'WTRLNE(10,2F'),BLEWF(25),TLEWF(2S),
2 AREALF(2S),NPTLOC,PTNUMB(10).PTNAME,XPTLOC('O-).YP'TLOCk"10),
2 ZPTL0C(10),?FBB,FBNUMB(10),FBNAMEXPTFB,)(10),YpTF?)D(1C),
2 ZPTFBD(10),FBCODE(10),FBTYPE,RDOT(10),VKDES,FNDES,I
2 STrATNM,STATIS

CHARACTER*4 PTNAME(8,10),FBNAHME(C.10').STATNM(.5),FETYPE(3,10)
INIEGER OTN,MOTN,BSCFIL,VLACPR,RAOPR,ADRPR,RLDMP'RBCODE,
2FbNUMB.PTNUMB.OR~GOPTNI

COMMON ' ENVIOR/ VK NYK ,M'J,NMU,DMEGA,N(JMEGA.SIG!.A.NSIGMA,611ýWH.
1 NSIGWFTMODAL.NTMODNRANG,RANG,RLANG,S,NNMUFRNUM,VFS

INTEGER NVK,NMU,NOMECANScNGA,NSIGWH,NTMOD,ý!RANJ3,NNMtl'(R)
REAL VK(e),MU(37,8),0KEGA(3O j -SIGNA(I0) SIGWH(4),-M0DAL(H),U

2 RANG(8).RLANG(8),S(30,P),FRNUN(8),VFS(8
5

CONMON 'GEOM! X,NSTATN,Y,Z,NOFSET,LPP.BEAM,.DRAFT,LCF,
IVCG,,3N,DELGM,NEBLA,KPITCHi,KpflLL,KYAW,KYAWRL,AWP.VCE3,FEDX,FSDY,I

2 FBD7,NFREBD,XPT,YPT,ZPT,NPTS,LCB,'3?1LASTATBSTAT,TITLE,MASS,
2 DISPLM.IPITCH.IROLL,IYAW,IYAWRL,CH.FAVE,CPITCH,CkiEAPICROLL,
2 ARv~MXWSURLF,GIRTH.FPDZV DBLWL TLCB

INiEGER NSTATN ,NOFSET(25S ,NFREBD,NPTS3
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CRARACTER*4 TITLE(20)
REAL X(2&),Y(1O.2b),Z(10,2&),FBDZV(8,10),LPP,BEAM,DBLWL,TLCB.

2 DRAPT.LCF,VCG,GM DELGMNEBLA,KPITCHXROLL KYAW,KYAWRL,AWP,VCB,
2 F*BDX(1O) FBDY(I0S,FBDZ(10),XPT(1O),YPT(IOSZPT(IO),LCB,GML,
4 ASTAT(2o5,BSTAT(26) ,MASS.DISPLM,IPITCH,IRDLL,IYAW,

6 IYAWP.L,CHflAVE,CPITCH,CHEAPI,CROLL,AREAMX,WSURF,GIRTh(26)
COMMON /INDEX/ PFIDX,LPFIDX,RMIDX,LRMI1)X,SVIDX,LSVIDX
INTEGER LPFIDX LRMIDX.LSVIDX
REAL PFIDX(2355 ,RMIDX(183) .SVIDX(3)

COMMON /10/ SYSFIL,POTFIL,COFFIL,LCOFIL,ICAriD,TEXFIL,IPRIN,
2 SCRPFIL,HPLFIL,LRAFIL,ORGFlL,RAOFIL.RMSFIL,SEVFIL,SPDFIL,
2 SPTFIL,LACFIL,LAEF'ILIIRTEGER, SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD,TEXFIL,IPRIN,
2 SCRFIL,HPLFIL,LRAFILORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,
2 SPTFIL.LACFIL ,LAEFIL

COMMON /PRYSCIJ/ II,T,,I,PIPIOTDEGRAD,RADDEG,VKMETR,METRVK,GRAV.I2 RHO,GNU,RHOS,RHOF,GNUS,GNUF,FTMETR,PUNITS,REYSCL
COMPLEX II
CHARACTER*4 ?UNITS(2)
REAL TPI,PI,PIOT,DEGRAD,RADDEG,VKMETR,METhVK,GRAVRHO,GNU,RHOS,

I RHOFINUS ,GNUF,FTMETRI COMMON /SEV-.RE/ IRSJ.ND,RSINDXNSIND SWINDX,RSVTOE,RV,RH
REAL RSINDX(14) ,SWINDX(&) ,RSVTO"E(402S
IN7EGER RV(13),RH(13)

COMMON /SMPSYS/ rISAS,SIS.SOS,SDS,HALOS.DEV,PRN,SMPF!f,,SMPIS,
2 SMPOS,SMPDS,SHP'rYPS,SHIPS,VARS,CYCLS,TITLES,OPTION,LSIS,LSOS,
2 LSDS,LHALOS,LDEV,LPRN,LSMPPS,LSMPIS,LSMPOS,LSMPDS,LSHPTYPS,
2 LSHIPS,LTITLES

CHARACTF.R* 160 ASU CHARACTER*80 FIS,SIS,SOS,SDS,TITLES
CHARACTER*20 HALOS,DEV,PRN.SMPPS,SMPIS.SMPOS,SMPDS,SHPTYPS
CHARACTER S4IP:*6.VARE*2,CYCLS*2
INTEGER*2 OPTIONI ~DIMENSION RSV(13,13),T0E(13,13),TEMV(13).TF.MH(13),TEMR(13),

2 TEMT(13),LSVRSP(13).HDNG(24),IM0DL(4)
CHARACTER*4 RSPNME(2, 13)
INTEGER TEMTK CHARACTER*4 MIETF.R
DATA METER /'METE'/
DATA LSVRSP /.,,,,,,,,1.01,2

FIS =SDS(1:LSDS)//'.SEV'
OPEN (UNIT=SEVFILFIL'=FIS,STATUS='UgKNOWN',

2 ACCESS='DIRECT' ,RECL=1620)

NHEAD = 24
NI =NHEAD + I
NDATA = 2 + Nl*NVK*2
DC 600 1C=1,2
DO 400 IS=I,NSIGWH
L7T IMODL(IS)U Dr 300 IR=1,NSY'RSP
Dý 200 JR1I,NSVJKSP
Lh LSVRSP(JR)
INDEX = SIGWH * NSVPSP *(IC - 1) + NSIGWH *(LR -1) IS
READ (SEV'ITL,REC=INDEX) R3VTOE

-CDC CALL FETCH (IC LP I!S RSVTOE,SVIDX.RSINDX.SWINLXNDATA,LSVIDX.
CrC 2 N'cURSp.NSIGWH.H .SmFh

IF IR .GT, 10) GO TO 10
RV Th) = RSVTIWC 1) +.001.

RHif R) = RVT0E 2)- .001
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IH = RECIR)I
20 IE = 3 +(IH-1)*2 + (IV-1)*NHEAD*2

RSV(JR.IR) =RSVTOE(IE)
TOE(7R,IR) = RSV'TOE(IE+l)

200 CONTINUEI
300 CONTINUE

WRITE CIPRIN,1000) TITLE
1000 FORMAT (1111 /,28X.20A4,///,48X.28HS E V E R E M 0 T I 0 N

2 9HT A B L ES
IF(CEQ. I) WRITE IPRIN 1010

IF (IC 2). WRITE HPRI.:1020
1010 FORMAT / 60X,IIHLONGCRESTED)

100FORMAT .. // ,60X, 12HSHORTCRESTE-D)
IF (PUNITS (1) WNE. METER) WRITE (IPRIN,1030) SIGWH (IS)
IF (PUNITS (1) .EQ. METER) WRITE (IPRIN .1040) SIGWH (IS)I

1030 FORMAT (/,42X.37HiSEA STATE: SIGNIFICANT WAVE HEIGHT =
2 .F6 20' FEET)

1040 FORWA (/,42X,37HSEA STATE: SIGNIFICANT WAVE HEIGHT=
2 ,F6.2.7H METERS)

1060 FQ)RMAT (64X,I9HMODAL WAVE PERIOD =,F4.0,8H SECONDS)

IF (NSVRSP .EQ. 5) G0 TO 60
NP = NSVRSP - 6
NP= NP / 2
WRITE (IPRIN.1025)I

1025 FORMAT (//,64X,16HPOINT LOCATIONS:)
DO 60 IP1I,NP
WRITE (IPRIN,1026) IP,(PTNAME(I,IP),I=1,8) ,XPTLOC(IP),

2 YPTL0CA P ),ZPTLOC(IP)
1026 FORMAT (22X.IHP.ll.3H- ,8A4,2X,6HXFP =,F7 2,2XSHYCL =,F7.2,2X,

2 SHZBL =,F7.2)
60 CONTINUE
60 CONTINUE

WRITE (IPRIN,I05S) (STATNN(I),I=1,3)
1055 FORMAT (/,40X 3A4 39H VALUE / ENCOUNTERED MODAL PERIOD (TOE))

WRITE (IPRIN.10805 ((RSPNME(I,IR),I=1,2),IR=1.NSVRSP)
1060 FORMAT (/,48X,32HNAXIMUM RESPONSES AND CONDITIONS,/,1X,

2 130(1H-),//,14H RESPONSE ,13(4X,A4,Al))
DO 310 IR=1,NSVRSP
IV =RV (IR)
IH v2 R3IR)
TEMV (IR) = VK(IV)
TEMH (IR)= HDNG(TH)
TEMR(IR) = RSV(IRIR)
IF OIR .GT. 6) TEMR(IR) = TEMR(IR) * 100
TEMT(IR) =TOECIRIR)
!F (TEMT(IR) .0*E. 99) TEMT(IR) = 99

310 CONTINUE
WRITE CIPRIN,1070) (TEMR(IR) .TEMT(IR) ,IR1,NSVRSP)I

1070 FORMAT (/.14H (MAX.RSV)/TOE 13(lX,F5.2,1H/,I2))
WRITE (IPRIN,1080) (TEMV(IRLIR=1.NSVRSP)

1080 FORMAT (17H AT SPEED (KNOTS) F6.1,12F9.1)
WRITE (IPRIN,1090) (TEMR(IR),IR=1 NSVRSP)

1090 FORMAT (17H AT HEADING (DEG),F6.0,12F9.0)
WRITE CIPRIN.1100) ((RSPNME(I,JR),I=1,2),JR=1,NSVRSP)

1100 FORMAT (//,54X,2OHASSOCIATED RESPONSES./,1X,1.30(IH-),//,
2 ISM MAX. SPEED /,/,ISH RESPN. HEADING,3X,A4,A1,12(4X,A4,Al))
WRITE (IPRIN,111O)

1110 FORMAT (IX)
DO 330 Iht=1.NSVRSP

RV x IR)E
IH =RH (IR)
MV = VK(IV) +.001I
MH = HDNG(IH) 4 .001
IF (IR.EQ.6 .OR. IR.EQ.8 DOR. IR.EQ.1O .OR. Ik.EQ.12)

2 WRITE (IPRINlilO0)
DO 3;20 JR=1,NSVRSP
TEMP.(JR) = RSV(3R,IR)I
IF J1R .GT. 6) TEMR(JR) =TEMR(JR) * 100
TEMTVaR) =T0E(JRIR)
IF (TFMT(JR) .GE. 99) TZMTOR) =99

320 CONTINUE
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3WRITE (I1PRIN,1120) (RLSPINE(I,IR),I=1,2),MV,MH,('TENtR(3R),TEHT(JR).
2 JR=1,NSVRSP)

1120 FORMAT (lXA4,Al.2X,12.1H/,13, 13(F6.2,IH/.12))
330 CONTINUE

WRITE (IPRIN,1130)I 1130 FORMAT (//,2X,42HNOTES: 1) RESPONSES ARE IN PHYSICAL UNITS: ,/,
2 22X,6OHHEAVE AND SWAY ARE IN WAVE HEIGHT UNITS; PITCH,.
2 29HROLL, AND YAW ARE IN DEGREES; ,/,22X,23HAND THE POINT VERTICAL,
2 63HAND LATERAL ACCELERATIONS ARE IN UNITS OF G-S * 100.)I WRITE (IPRIN,1140)

1140 FORMAT C9X,6lH2) POINT LOCATIONS: XFP IS IN STATION NUMBERS;
2 ,37HYCL AND ZCI. ARE IN WAVE HEIGHT UNITS.)

1160 FORITE ,6H3 HEADING15 CONVENTION: 0 DEG=HEAD, 90 DEG=STBD BEAM,U2 .24H 180 DEG=FOLLOWING SEAS.)
400 CONTINUE
600 CONTINUE

CLOSE (UNIT=SEVFIL)I RETURN
END

C DECK SKFP.SPI FUNCTION SKFRSP (WE,L.PP,V,S.-D)
REAL LPP

SKFRSP =SFD*(l. + 4.1*V/(WE*LPP))

RETURN
END

C DECK SKLIF"TI SUBROUTINE SKLIFT

COMMON /APPEND/ N6KSET,NBKSTN(2),BKIMAG(2) ,BKFS(2),BKAS(2),
2 BKWD(2),BKSTN(1O.2),BKHB(10,2) BKLNTH BKWDTH,
2 BKWL(10 2),BKANOO0,2),NSKSETSKIMAG(2 5,SKFLS(2),SKALS(2),U2 SKAUS 25,SKHB(2) SKFLUL(2),SKALWL 2),SKAUWL(2),NRDSET,RLDiMAG(2)
2 RDRFS 2 ,RDRAS(2S RDRHB(2),RDRFWL(2) ,RDRAWL(2) RDTFS 2),RDTAs(25
2 RDTHB 2 RDTFWL(2 RTWL2 NSBSET SBIMAG(2),SOBRFS(2), SOBRAS(2S
2 SOBRHB(25 ,SOBRFW(2SSOBRAW(25 ,siBr.Fs(2) ,SIBRAS(2) ,SIERHB(2),I2 SIBRFW 2 ,SIBRAW(2),SBTFSC2),SBTAS(2),SBTHB(2),SBTFWL(2),
2 SRTAWL 2 RFNSET,FRIMAG(2),FNRFS(-),FNRAS(2),
2 F'NRHB(2) FNP.FW' (2' FNRAWL(2),FNTF~S(2),FNTAS(2),FNT11B(2),
2 FNTFWL(25,FNTAWL(25,NEXPRD,ENRDO'(8),ENRDS(8)

COMMON /ENVIOR/ VK,NVK,NU,NMU,OMEGA,NOMEGA,SIGMA,NSIGMA,SIGWFI,
1 NSIGWH, ,TMODAL, HTMOD, NRANG, RANG, RLANG, ,S, NNMU, FRNUM ,VFS

INTEGER NVK.NM'J .NOMEGA .NSIGMA,NSIGWK,UTMOD,NRANG,NNMU(8)
REAL VK(8)MUk. f7.8).OMEGA(30).SIGMA( 10) SIGWH(4) TMODAL(B) ,

2 RANG(S) RLANG (8) ,S( 30.8) FRNUM(8) VFS(0~

COMMON /GF.OM/ X.ISTATN,Y,Z,NOFSET,LPP,BEAM,DRAFT,LCF,
1 VCG, GM, DELGK, NESLA, KPITCH, KROLL, KYAW,KYAWRL, AWPVCB, FBDX, FfDY,
2 FBOZ,NFREBD,XPT,YPT,ZPT,NPTS.LCB,GML,ASTAT.PSTAT,7ITLE,MASS,
2 DISPLM.IPITCH, I ROLL, IYAW, IY AWRL, CHEAVE, CFITCH, CHEAPI, CROL.L,I2 AREAMX, WSURLF, GIRTH, FBDZV DBLWL,Tf.re

INTEGER NS ATM, ,NOF-oT(2&ý,NFREBtL,,PTS
CIIARkCTER*4 TITLE(20)
REAL X(26),Y(10.25),Z(1O,25),FBDZVCS.1O),LPP,BEAM,DBLWL,TLCB.

2 DRAFT,LCF,V,-G GM DELGM, NEBLA ,KPITCH. KROLL, KYAW,KYAWRL,.AWP, VCB,
*2 FBDX(I0) FD5 0,~)(0,P(D)YTi)ZTI)LBGL

SIYAWRL,CHEAVECPITCH,CHEAPI,CROiLL,AREAMX,WSURF,GIRTH(26)

COMMON /PHYScrO/ II,TPI,PI.PIOT,DEGRAD,RADDEC,,VYMETR,METRVK,GRAV,
2 RHO~,GNU, RHOS, RHOF,CNUS, GNUF, FTMETR, PUNITS, REYSCL

COMPLEX II
CHARACTER04 PUNITS('2)
REAL TPI, I', PIOT. DEGRAD, RADDEG, VKMETR, METRVK, GRAV, RHO, GNU, RHOS,
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I REOF,GIfUS,GNUF,FTNETR
COMMON /RLDBK/ PSUR(26),BMKC2S).DK(25).CAK(26),Hq,HSPAN,HMNCHD,

2 HAREA,HXCP,HYCP HZCP,HGAMMAHYHAT HEARHLCS,RQ(2),RSPAN(2),
2 RMNCHDC2),RAREA2).RXCP(2),RYCP(2$,RZCP(2),RGAMMA(2),RYHAT(2),
2 REAR(2)RLOS(2' SQ(2),SSPANC2),SMNCHD(2),SAREA(2) sxCp(2),
2 SYC? (2) SZCP(.2).SGAMMA(2),SYHAT(2) SEAR(2) SLCS(21 BQ(2),
2 BSPAN(25 BMNCHD(2),BAREA(2) BXCP(25,BYCP(21,BZCP(2i.BGANMA(2),
2 BYHAT(2) ,BEAR(2) BLCS(2) Fpc2) FSPAN(2) FMNCHD(2) FAREA (2),
2 FXCP(2 ,FYCP(2) PZCP(2),FAMMAý2),FYHATZ2) FEAR(25 FLCS (2)
2 P0(2,2 PSPAN (2.2).PMNCHD(2 2) PAREA(2 2) PXCP(2 25 PYCP(2,2),
2 PZCP(2 2) PGAMMA(2,2) PYHkTC2,2).PEAR(i2ý,2 PLCS(2 25
2 S3TADMPt1OS,SHPDHP(1O,8).ENCONWPHITPHIWMELN(4 95 SkELM(4,9 8)
2 REELM(4,9,8) ,?EELM(4,9,8) ,FEELN(4,9,8) .HEEL.X(4,.9ý,8 BEELII(,4.,85,
2 EKWMENSF(8 i) ENRE(8),ENPE(8),ENFE(8).ENHE(8),ENBE(8),

2 EREV(8,9 ,ENRL8),EVPL(6),ENFL(8) ENHL(8):ENSL(8),ENBL(B),2 ENSEP(8,88) 'REL(4. ) ,1TS(2S),Rfl(285,EDDY(8 26),RGB(26)
REAL RiDBLK6292)
EQUIVALENCE (PSUR(l) ,RDBLK(l))5

REAL LCS,MCHORD

IF (NSKSET .EQ. 0) GO TO 20
EN =0
STASPC = LPP/20

XSKF -LCB -SKFLS(K)*STASPC

XSKAU LCB SKAS K) *STASPC
XSKAL =LCB -SKALS (K)oSTASt\,
YSKG SXHB(K)
ZSKF SKFLWL(K) -(DSLWL+VCG)

ZSKAU SKAUWJL(v) -(DBLWL+VCG)

ZSKAL =SKALWL(K) -(DELWL+VCG)

q = SKTM:.'.(K)
GAMM ̂  - 90I
Si'AN =ZSKAU - ZSKAL
MCHORD =(X'QKF - XSKAL)/24

* area5

AREA =SPANeJ4CHORD

* center of pressure

XCP = XSKAL +(XSKF - XSKAL)/3I
YCP =YSKG
UCP =ZSKF + (ZSKAU - ZSKF)/6

* moment arm

GAM =GAMMA*DEGRAD
YHAT =YCPCCOS(GAM) + ZCP*SIN(GAM)

* effective aspect ratio

EAR =2*SPAY/MCHODD

* lift curve slope3

LCS = (PI/2)*EAR
SQ(K) =Q
SSPAK(K) SPAN
SMNCHD(K) =MCHORD

SXCP(K) = XCPU
SYCP(K) - YC?
SZCP(I() =ZCP
SGA?*iA(K) GAMMA
SYHAT(Y) YHAT
SEAR(K) - EAR
SLCS(K) =LCS
EN EN + Q*(RHO/2).AREA*LCS.YHAT*YHAT*WPHI*ENCON
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10CNIU
10 CONTINUE

20 3 CONTINUE
DO 30IV)=1,0V
I NKE GT0)ENSL(IV) EN*FS0V

30 CONTINUE
RETURN
END

CDECK SKNFRC
SUBROUTINE SKNFRC

COMMON /CH3D/ ISIýMA,SIGMIN,SIGMAX,V,SINMU,COSMU,WTSI,
2 IMMII,INMAXIP-ET..VTWJN~MAX

COMMON /ERVIOR/ " (NVK,MU,NMU,OXEGA,KOMEGA,SIGMA,NSIGMA,SIGWHI,
1NSIGWH,TMODAL,NMOD,NRANG,RANG,RLANG,S,NNMU,FRNUM VFS
INTEGER NVK,?.IH 1 ,NOMEGA,NSIGMA,NSIGWH,NTMODNRANG,iNNU(S)
REAL VK(8),NUI(37,.8),OMECA(30).SIGMA(1O) SIGWH(4).ThODAL(8),

2 RANG(8),RLANG(8),S(30,8),F'RNUM(8),VFS(855COMMON /GEOM/ X, NSTATN, ", Z, NOF SET, LPP, BEAM, DRAFT, LCF,
1VCGGM.DELGM,NEBLA.KPITCHKROU..,KYAWXYAWRL,AWP,VCB,FBDX,FBDY,
2 FBDZ,NFRtEBD,XPT,YPT,ZPT.NPTS,LCB,GML,ASTAT,BSTAT,TITLE,MASS,
2 DI SPLM, I PITCH,I ROLL. IYAW, IYAWRL,.CHEAVE, CP ITCH, CHEAPI, CROLL,
2 AREAMX, WSURF. GIRTHFBDZV DBLW'T TLCBI ~INTEGER NSTA'rN,NDFSET(2655,FREBD,NPTS
CHARACTER*4 TITLE(20)
REAL X(2S).Y(IO.26),Z(1O,25),FBDZV(8.1O),LPP,BEAM,D3Lw'LTLCB,

2 DRAFT,LCF..VCG,GM DELCM NEBLA,KPITCH KrtOLL KYAW,KYAWRL,AWIP,VCB,
2 FBDX(10) FBDY'(1OS,FBDZ(1O),XPT(1O),YPT(1OS.ZPT(1O).LCE,GML,

6IYAWRLCHEAVE,CPITCH,CHEAPI,CROLL,AREAMX,WSURF,GIRTH (25)

2RHO .GNU,RHOS,RHOFGNUS,GNUF.FTMETR,PUNITS,REYSCL.

REAL TPI ,PI.PIOT,DEGRAD,TRADDEG,VKMETR,METRVK,GRAV,RHO,GNU,RHOS,
I RHOF,GNUS ,GNUF~,FTMETR

COMMON /RLDBK/ PSUR(26),BMK(26),DK(25),CAK(25),HQ,HSPAN,HMNCHD,
2 HAREA.HXCP.HYCP,HZCP,HGAMMA HYHAT HEALHICS,RQ(2),RSPAN(2),
2 RMNCHDI.2).RAREA(2),RXCP(2),RYCP(2S,RZCP(2),RGAMMAC2),RYHAT(2),
2 REAR (2),RLCS (2) ,SQ(2),SSPAN(2),SMNCHD(2),SAREA(2) SXCP(2),
2 SYCP ( )SC 2) ,SGAMMA(2),SYHAT(2) SEAR(2) SLCS(25 BQ(2),U 2 BSPAN(2),BMNCHD(2),BAREA(2) BXCP(21,BYCP(25.BZCP(25,BGAMMA(2),
2 BYHAT(2),BEAR(2),BLCS(2),FQ(2),FSPAN(2.,FMNCHD(2) FAREA(2).
2 FXCP(2) ,FYCP(2),FZCP(2),FGAMMA(2),FYHA'.(2) FEAR(2S FLCS(2):
2 PQ(,2 2), PSPAN (2 2),PMNCHD(2,2),PAREA(2,2) Pkcp(2 25 PYCP(2,2),
2 PZCP(2 2) PGAMMA(2,2),PYHAT(2,2),PEAR(2,25 PLCS( 25~'
2 SAMiOHDP1,)ECNWHPIWEM4g-FEM498
2 REELM(4.9 8) ,PEELM(4,9,8) ,FEELM(4.9 8) ,HEELM(4,6.85,BEELM(4,9,85,
2 ENWMENSF(8,8),ENRE(B),ENPE(8),ENFEt8) .ENHE(8),ENBE(O).
2ENEMV(8,8) ,ENRL(8),ENPL(8),EFTL(8) ENHLI8),ENSL(8) ENBL(8),
2ENSkIP (8,8) ,RELM (4,9), ITS(25) JRD (255 EDDi(8.26),RGB(25)
REAL RDBLK(2692)
EQUIVALENCE. (PSUR(l),RDBLK(i))3 DATA RNT/3 .ES/

1,0 10 IA=1,NRANG
DO 10 IS=1,NSIGMA
SHPDMP(IS,IA) = 0

10 CONTINUEI DO 40 X=1,NSTATN
IF (NOFSET(E) .LT. 2) GO TO 40
RS = ./Pl*((0.887+0.145*CAY.(K))*(1.7*ABS(DK(K))+CAK(K)*2.BMK(K))

2 +2ý*VCG)
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COX - 4./(3.*PI)*REO*1PSUR(K)*Rs.**
DO 30 IA=1.NRANG
DO 20 IS=1,1SIGMA
PERE QTPI/SIGMA(IS)
RN =C3.22*(R.S.RANG(IA))$.2 / (PERE*GIU)) * REYSCLI

CF = i.328/SQRT(RN)

* turbulent flow

IF (RN .GE. RNT) CF = CF + O.014*RN**(-0.114)
STADMP(IS) =CON*SIGMACIS)CRANG(IA)*CF
STADMP IS) cSIGMA(IS)*STADHP(IS)1
SIIPDNP TS.IA) a SHPDMP(IS.IA) + STADMP(IS)

20 CONTINUE
30 CONTINUE
40 CONTINUE

DO 50 IA=1,NRANGI
CALL SPFIT (SIGMA.SHPDMP(1 IA) SFELM(l 1 IA) ISIGMA)
ENSFO = ENCON*REVAL (SFELMU.,IHGMA,IAS ,WTSI5
DO 45 1V=1 NVI(
ENSF(IVIAS = SKFRSP (WPHI,LPP.VFS(IV),ENSFO)

45 CONTINUE

RETURN
END

C DECK SLENTH
SUBROUTINE SLENTH (ASK)

CHARACTER*(*) AS
K=L+l
DO 10 M=1,L
K=K-1
IF (AS(K:K).NE.CHARC32)) GO TO 20 !Test for trailing blanksI

10 CONTINUE
20 CONTINUE

RETURN
ENDI

C DECK SMP93 - Standard Ship Notion Program (SMP93)

PROGRAM SHP933

* ~Standard Ship Motic~n Program (SMP93)
* bfr Personal Computers3

* Operatin&o cstem MS-DOS Version 4.01
*FORTRA , 7 using Lahey Fortran
* ~Overlay linking using PLINK863

Bull plot and Speed Polar/Density plots
* done in 'separate programs

* ~using HALO graphic language3

COMMON /APPEND/ NBKSETNBKSTN(2),BKIMAG(2).BKFS(2),BKAS(2),
2 BKWDC2),BKSTN(10,2),BKHH(10,2),BKLNTH BKWDTH,
2BKWL(10 2) BKAN(10,2).NSKSET.SKIMAG(2ý,SKFLS(2J.SKALS(2),

2 SKAUS(2S,SiHB(2) SKFLWL(2'),SIALWfl(2 ,SKAUWLý2),NRDSET.RDIMAG(2)
2 RE cl X RDRAS(25 RDRHiB(2.) RDRFWL(2) :RDRAWL,2),RD7FS 2) RDTAz:(2S .
2 RDTHB('./,.D'TFWL(2S RDTAWL(2) NS3SET,SBIMAG(2),SOBRLFS(2)¾SOBRAS(2)
2 , S~BR:.a(2, ,SOBRFW(25 ,SOBRAWC23.SIBRFS(2),SIBRAS(2),SISRHB(2),



2 SIBRFW (2)~,SIBRAWC2) ,SBTFS(2) ,SBTAS(2) ,SBTHB(2) ,SBTFWL(2),
2 SBTAWL(25 N`FNSETPFNIMAG(2) FNRFS(2),FiRAS(2),
2 FNRHB(2) FIRFWL(2) FNRAWL(2).FNTFS(2),FNTAS(2),FNTHB(2).
2 FNTFWL(25,FNTAWt(25.IEXPRO.ENRDO(8),ENRDSC8)I ~COMMON /CH3D/ ISIGMA,SIGMIN,SIGNAX,V,SIIKtI,COSNUWTSI,
2 IMMII ,IMMAX,IMDEL,LMII ,LMAX
REAL SIGMINSIGMAX,V,SINKU,COSM1J,WTSI(4)
INTEGER ISIGMA,IMMIN,IMMAX,IMflELLHIN,LMAXI ~COMMON /DATINP/ OPTN,MOTN ,BSCFIL,VLACPR,RAOPR, RLDMPR,DISPLMT,

2 LRAOPR,ADRPR,ORGOPTN GMNOM,KG STATN(26) ,NSOFST(2&),
2 NLEWF(25) HLFBTH(10,25),WTRLNE(1O,26),BLEWF(25) rLEWF(25),2 AREALF(265,NPTLOC PTNfUMB(10),PTNAME,XPTLOC(10),YPrtoc (10)
2ZPTL (0,IBB,FENUMB(10).FBNAME.XPTFBD(I0),YPTFBD(1O).

2 ZPThBD 10.FCODE(1O)YFBTYPE.RflOT(1O),VKD)ES,FNDEc.
2 STATYM.STATIS
CHARACTER*4 PTNAME(8,1O),FBNAME(8,1O),STATNM(S) ,F'BTYPE(3,IO)
INTEGER OPTN ,MOTN.BSCFILVLACPR,RAOPR, ADRPR,RLDMPR,FBCODE,

2FBNUMB .PTNUMB.*ORGOPTN
REAL KG

COMMON /ENVIOR/ VK,NVK,MTJ,NMIJ,OMEGA,NOMEGA,SIGMA,NSIGMA,SIGWH,
I NSIGWH,TMODAL.NTMOD,NRANG,RAIG,RLANG,S,NNMU,FRNUM,VFSI INTEGER NVK,NMU,NOMEGA NSIGMA.USIGWRNTMOD NRANG NNMU(8)
REAL V1(8) ,MU (37,8) .OMEGA(30) .SIGHA(1O) SIGWH(4) .TMODAL(8).

2 RANG(8),RLANG(8).S(30,8),FRNUM(8),VFS(85

COMMON /F'INCON/ IACTFN,IFCLCS,FGAIN(8),FK(3),FA(3),FB(3),I2 FCLCS(8,2)

COMMON /GEOMI X,NSTATN,Y,Z,NOFSET,LPP,BEAM,DRLAFT,LCF,
I VCGGM,DELGM,NEBLA,I<PITCH,KROLL,KYAW,XYAWRL,AWP,VCB,FBDX,FBDY,
2 FBOZ.NFREBD,XPT,YPT,ZPT,NPTS,LCB,GMLASTATBSTAT,TITLE,MASS,I2 DISPLM,IPITCH,IROLL,IYAW,IYAWRL.,CHEAVECPITCE,CHEAPICRULL,
2 AREAMX,WStJRFC;IRTH,FBDZV DBLWLTLCB

INTEGER NSTATN NOFSET(20S,NFREBD,NPTS
CIIARACTER*4 TITLE(20)
REAL X(2&),Y(10,25),Z(1O.2S),FBDZV(8,10),LPP,BEAM.DBLWL,TLCB,I 2 DRAFT,LCF VCG GM BELGM NEBLA,XPITCH KRtOLL KYAW KYAWRL,AWP.VCB,

2 F'BDX(1O) FBDY(1O5,F'BDZ(1O),XPT(IO),YPT(1iO,ZPT(1O),LCB,GML,
4 ASTAT(26i , BSTAT(25) .MASS,DISPLM,IPITCH,IROLL,IYAW,
5 IYAWRL,CHEAVECPITCH,CHEAPI.CROLL,AREAMX.WSLJRF,GIRTH(26)

COMMON /HULL/ A26

COMMON /INDEX/ PFIDX,LPFIDX,RMIOX,LRMIDXSVIDX,LSVIDX
INTEGER LPFIDX LRMIDX LSVIDXI ~REAL PFIDX(23655,RMIOXZ183) .SVIDX(3)
COMMON /10/ SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD,TEXF'IL,IPRIN,

2 SCRFIL,HPLFIL,LRAFIL,ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,
2 SPTfFIL,LACFIL,LAEFIL*1INTEGER SYSFIL.POTFIL,COFFIL,LCOFIL,ICARD.TEXFIL.IPRIN,
2 SCRFIL,HPLFIL,LRAF1L,ORGFILRAOFILRMSFIL,SEVFILSPDFIL,
2 SPTFIL,LACFIL.LAEFIL

COMMON /LOADS/ NLOADS,SWGHT(25),SMASS(2&) ,XLDSTN(10),XLDXPT(25).I2 LSTATN(2S)

COMMON /PELEM/ PELEM
COMPLEX PELEM(4, 1000)

CCMMON /PHYSCO/ 1I.TPI ,PI,FIOT,DEGRAD,RADDEG,VKMETR.METRVK,GRtAV.
2 RHO,GNU,RHOS,RHOF,GNUS,GNUF,FTMETR,PUNITS,REYSCL

COMPLEX Il
CHARACTER*4 PUNITS(2)
REAL TPI,PI,PIOT,DEGRADRADDEG,VKMETR,METRVK,GRAVRHO,GNU,RHOS,

1 RHOF .GNUS GNUF FTMETR

COMMON /RDGEO/ BKLEN.WBXMAX,DLBKEL(25) ,SRBS(26),PHIS(25),CPSC2S),52 BKT(2S),RKS(25),SSTR(26)
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COMMON /RESPN/ JRESP,IPOIET(182) ,IMOTN(182).ITYPE(182),
2 ILIN(182) ,ISYM(182)
LOGICAL ILINISYM

2 EAREA.EXCP,HYCP RZCP HGAMMAHYHAT HEAR RLCS.RQ2),RSPAN(2).

2 RMNCHD(2) ,RAREA(2) .RXCP(2) .RYCP(25 .RZCP(2) ,RGAMMA(2) ,RYHAT(2),
2 REAR(2) ,RLCSý2) .SQ(2).SSPAN(2),SMNCHD(2),SAREA(2) SXCP(2),
2 SyCP (2) SZCP(2) SGAMMA (2) ISYHAT(2) SEAR(2) SLCS(25 iQ(2),
2 BSPAN(25,BMNCHDý2),BAREA(2).BXCP(2S,BYCP(25,BZCP(2i,RGANMAA(2),
2 BYHAT(2) .BEAR(2),BLCS(2) FQ(2) FSPAN(2),FMNCKfD(2),FAREA (2)
2 FXCP(2) ,FYCP(2) ,FZCP(2) .FGAMMAt2).F-YHAT(2) FEAR(2) FLCS (2).
2 PQC2,2 ), PSPAX(2,2) PMNCHD(2,2),PAREA(2 2) PXCP(2, 25 PYCP(2t2),
2PZCP(2 2) PGAMMA(2.2) PYHAT(2,'&).PEAR(i2ý,2PLCS(i 25,

2 STADMP605 Sr7DMP(1O.8),ENCON.WPHI,TPHI.WMELM(4 95 SPELM(4 9 8)
2 REELM(4 9 8) PEELMC4 9 8) FEELM(4 9,8) ,HEELM(4 i 1 0 REELM(49,685,
2 ENWM.ENSFt8.8),ENRE(8).ENPE(8),ENFE(8) ENHE(:E8),0~8) ,
2 ENEMV(8,8),ENRL(8),ENPL(8),ENFL(8) ENHL(8),ENSL(8),ENBL(8),
2ENSHP(8 8) RELM(4,9),ITS(25),RD(265,EDDY(8,2S¾,RGB(26) I
EQUIVALENCE (PSURCI) ,RDBLK(1))

COMMON /SEVERE/ IRSIND,RSINDX,NSWIND SWINDX,RSVTOE,RV,RH
REAL RSINJX(14) ,SWINDX(S) ,RSVTOE(4025

COMMON /SMPSYS/ FIS,AS.SIS,SOS,SDS,HALOSDEV,PRN,SMPPS,SMPIS,
2 SMPOS,SMPDS,SHPTYPS.SMIPS.VARS,CYCLS,TITLES,OPTION,LSIS,LSOS,
2 LSDS,LHALDS,LDEV,LPRN,LSMPPS.LSMPIS,LSMPOS,LSMPDS,LSHPTYPS,
2 LSHIPS,LTITLES

CHARACTERC 160 AS
CHARACTER*8O FIS ,SIS ,SOS ,SDS ,TITLES
CHARACTER*20 HALOS,DEV,PRN,SMPPS,SMPIS,SMPOS,SMPDS,SHPTYPSI
CHARACTER SHIPS*6 ,VARS*2 ,CYCLS*2
INTEGEK*2 OPTION

COMMON /STATE/ LAT.VRT.LOADSADDRES,SALT.HEAD,EXROLL,BKEEL

LOGICAL LATVRT,LOADSADDRES,SALT,HEAD,EXROLL.BKEELI

COMMON /STELEM/ SiTLEM
COMPLEX STELEM(4 ,9, 2S0)

COMMON /TELEM/ TELEMU
COMPLEX TELEM(4,9,10)

COMMON /TWOD/ YY, ZZ, ENN, ISTA
INTEGER ISTA
REAL YY(10.25).ZZ(10,25),ENN(4,10.25)
COMMON /WGHTS/ WTDLNORM
REAL WTDL(1O,26),NOiM(4,10,2S)

CHARACTER*20 DS,'rS,ES,T1S,T2S

*STARTI

*sat underfiow to zero
* CALL UNDERO (.TRUE.)

CALL UNDFL (.TRUE.)

AS='CLS'
CALL SYSTEM (AS)

CALL PRELIM

CALL RDSMPSYS

FIS :;SOS(1:LSOS)//'.TEX'
OPEN (TEXFIL,FILE=FIS,FORM= 'FORMATTED' ,STATUS='UNKNOWN')3
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U

AS = '(/19X,"STANDARD SHIP MOTION PROGRAM, SMP93"/25X,'//
2 "'FOR PERSONAL COMPUTERS")'

WRITE (*,AS)
WRITE (TEXFIL,AS)
AS = '/28X,"DTRC CODE 1561")'WRITE (*.AS)

WRITE (TEXFIL,AS)

CALL rATE (DS)
AS c 'Q//28X,"DATE = ".A20)'
WRI• "",A` DS
WRITE (TEXFiL,AS) DS

CALL TIME (TS)
TiS=TS
AS = '(/28X "TIME = ",A8)1
WRITE (*,AS5 TS1 WRITE (TEXFIL,AS) TS

AS = '(//2X,"Ruzxning -

WRITE (*,AS)
WRITE (TEXFIL,AS)
AS = '(//" CALL INPUT")'
WRITE (*,AS)
WRITE (TEXFILAS)

CALL INPUT

CALL TIME (T25)
CALL ELTIME (T1S,T2S)
TlS=T2S

IF (OPTN .EQ. 1) GO TO 10

AS = '1(//" CALL REGWAV")'
WRITE ý*,AS)
WRITE TEXFIL,AS)

CALL REGWAV
CALL TIME (T2S)
CALL ELTIME (TIS.T2S)
TIS=T2S

AS = '(!/" CALL IRGSEA")'
WRITE (*,AS)
WRITE (TEXFIL.AS)

CALL IRGSEA
CALL TIME (T2S)
CALL ELTIME (TlS,T2S)
TlS=T2S

AS = '(II" CALL OUTPUT")'WRITE (*,AS)WRITE TEXFIL.AS)

CALL OUTPUT

CALL TIME (T2S)
CALL ELTIME (TIS,T2S)

IQUIT

10 CONTINUE
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AS = '(//2X "Finished ' I
WRITE (*AS)
WRITE (TEXFILAS)

CALL TIME (ES)
CALL ELTIME (-TS,ES)

CLOSE (UNIT=TEXFIL)
CLOSE (UFIT=IPRIN) 1
STOP
END

C DECK SOLVE
SUBROUTINE SOLVE (N.COFF,EXC,MOTN,.ULIPIPRIN) I

* This routine obtains a solution of the lateral or vertical
* equations of motion.
* W.G.MEYERS, DTNSRDC. 072977

COMPLEX COFF,EXC,MOTN,UL
INTEGER N,IP
DIMENSION COFF(N,I),E.XC(N),NOTNCN),UL(NN)
DIMENSION IPCN)

CALL CDCOMP(N.N,COFF.ULIP)
IF (IP(N) .EQ. 0) WRITE (IPRIN,1000)

1000 FORMAT (42H SOLVE -- PROGRAM STOP. MATRIX SINGULAR.)
IF (IP(N) EQ. 0) STOP
CALL CSOLVE(NNUL,EXC,MOTNIP'

RETURN
END

C DECK SPFIT
SUBROUTINE SPFIT (X, Y, ELEMS, NPTS)

* SFIT created from SPLINE E N HUBBLE JUNE 19
fits cubic non-parametric spline segments I

• to set of real data points
* INPUTS

* X = array of real independent variables
Y = array of real dependent variables 3

• NPTS z number of (X,Y) data points

* RETURN
• ELEMS = array of (NPTS-1) segments in following form

( CY(I), D(I), Y(I+1), D(I+1) ) , where I
* D = array of second derivatives at data points

• arrays AB,C are mainly sub diag., diagonal, and super diag.
• D array is the right hand side of matrix equationi
* second derivatives at uodes are placed in D array after solution
* solution technique is gaussian elimination
* bounaary conditions set by extrapolation of second derivatives

COMMON /10/ SYSFIL,POTFIL,COFFIL,LCOFILICARD,TEXFIILIPRIN,

2 SCRFIL,HPLFILLRAFIL,ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,
2 SPTFIL,LACFIL,LAEFIL

INTEGER SYSFILPOTFIL,COFFIL,LCOFIL,ICARD,TEXFIL,IPRIN,
2 SCRFILHPLFILLRAFILORGFIL.RAOFILRMSFILSEVFILSPDFIL,
2 SPTFIL,LACFIL,LAEFILI

DIMENSION XCNPTS),Y(NPTS),ELEMS(4,NPTS)
DIMENSION AC100), B(100), C(100), D(100)

N = NPTS 3
N'.1 = N - 1
NL2 = N - 2
DO 0 I=2,N
IF (X(I) .GT. X(I-1)) GO TO 50
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WRITE (IPRIN,888) X(I-i),X(I)
GO TO 88888

50 CONTINUE
IF (N .LE. 100) GO TO 100
WRITE (IPRIN.999)
I = 100

100 CONTINUE
IF (N .GT. 2) GO TO 125

GO TO 376
125 CONTINUE

IF (N .GT. 3) GO TO 150
YDD = 2..((X(3)-X(2))*Y(1)+(X(2)-X(1)).Y(3)-(X(3)-X(1))*Y(2))

2 /(X(3)-X(2))*CX(2)-X(1)),(y(3)-X(1)))
DI1) = YDD
D 2ý = YDD
D 3) = YDD
GO TO 375

150 CONTINUE
DO 200 I=I,N
AlI) = 0.0
C = 0.0

D ~I) z0.0
200 CONTINUE

set up matrices(a tridiagona, structure)

A(1) = (X(3)-X(2))/(X(3)-X(1))
Cý1) = 2.0

81) = 1.0 - A(1)
D(1) = 6.0*((Y(3)-Y(2) /(X(3)-X(2))-(Y(2)-Y(1))/

1 (X(2)-X(1)))/(X(3)-()
H = X(3) -'X(2)
DO 260 13 MNL1HP = X(I+15 - X()

i C(I) = UP /(H÷HP)

AI=1.0 -CMI

D(I) = 6.0*((Y(I+I)-Y(I))/HP-(y(I)-Y(I-i))/H)/(RP+H)
H = HP

250 CONTINUE

set boundary conditions
CI2l = (X(2)-X(I))/(X(3)-X(2))
A A2 =1.0
B 2 =:-1.0-C(2)

Dý) = 0.0
*2) -A(2)*A(I)/B() * C(2)CýN) = (X(N)-X(N-I))/(X(N-1)-X(M-2))A N) = -10 - C(N)
B(N) =.D(N) = 0.0

i * solve equations

DO 300 I=I,NL2
1 I + I
12 I + 2
AUGH = ABS (B(I))
IF (AUGH .LT. 1.OE-06) GO TO 275
CONST z A(I1) / B(I)
Bffl) =B (Ii) CONST.C(I)
D II) D (I I CONST*D(I)
IF (I .NE. NL2) GO TO 300
(N)= DAN) C(N)*DCI) / B(I)

D (N=DK) CN)- D) /B(I)
GO TO 300

275 CONTINUE
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II I+ 11
D(I) %D(I) / C(I)D(1 = , D1) - B(I1)*D(I)

A I1) z 0.0
rI21 = D(I2) - A(I2)*D(I)AII2) = 0.0
IF (I .WE. 1L2) GO TO 300
A(N) = C(N)

300 CONTINUE
DET z B(NL1)*B(N) - C(NL1)*A(N)
STORE = D/N)
D N) (B NLI).D(N) - D(NL1)*A(N)) / DET
D (NL) = (D(NL1)*B(N) - C(NL1)*STORE) / DET
IP = 0 I
DO 350 I=2,NL2
JI = N - I
IF (JI .EQ, IP) GO TO 350
IF J1 .EQ. II GO TO 325
D(I) (D(JI)-C(JI)*D(J1+1))/B(JI)
GO TO 360

325 CONTINUE
IP = JI-I
STORE = D(J0)
D(JI) = D(IP) I
D(IP) (STORE - C(IP)*D(JI+1))/B(IP)

350 CONTINUE
D(1) = (D(1) - A(1)*D(3) - C(1)*D(2)) / B(1)

* met up spline segments

375 CONTINUE
DO 400 I:I,NLI
Ii z I + 1
ELEMS(1,I) = Y I)ELEMS(2,Il D(I)
ELEMS 33,1= Y Ilý
ELEMS (4,I D(Ii-

400 CONTINUE
99999 CONTINUE

RETURN
88888 CONTINUE

STOP I

888 FORMAT ('0 SPFIT -- X VALUES NOT ASCENDING', 2E16.8)
999 FORMAT ('0 SPFIT -- NPTS EXCEEDS 100. ONLY 99 SEGMENTS RETURNED')

END

C DECK SPINT2
SUBROUTINE SPINT2 (SEGS, NSEGS, AREA, NS, TS, NE, TE, IWAY)

evaluates the integral of a function given as a parametric spline 3
* INPUTS
* SEGS = spline segements generated by SPLNT2
* NSEGS = number of spline aegnents

NS = index of segment or start of integration
* TS t t parameter for start of integration

NE = index of segment for end of integration
* TE = t parameter for end of integration
* IWAY = -1 , if integral of y dx is to be evaluated
* IWAY = 0 , if integral of x dy is to be evaluated

RETURN
AREA = INTEGRAL (AREA UNDER CURVE) FROM (NS+TS) TO (NE+TE)

COMMON /10/ SYSFIL,POTFIL.COFFIL,LCOFIL,ICARD,TEXFIL,IPRIN,
2 SCRFIL,HPLFIL,LRAFILORGFIL,RAOFILRMSFILSEVFIL,SPDFIL,
2 SPTFIL.LACFIL,LAEFIL

INTEGER SYSFIL,POTFIL,COFFIL.LCOFIL,ICARD,TEXFIL,IPRIN, 3
222 I
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£ 2 SCRFIL.HPLFILLRAFIL,ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,
2 SPTFILLACFILLAEFIL

DIMENSION SEGS(8,NSEGS),CC(14),T(2),A(2)

AREA z 0.0
IF (NSE.GT .AND. NS.LE.NSEGS) GO TO 100
WRITE (IPRIN,991) NS
GO TO 99999

100 CONTINUE
IF (NE.GT.0S .AND. NE.LE.NSEGS) GO TO 120
WRITE (IPRIN,9g2) TE
GO TO 99999

200 CONTINUE
IF (TS.GE.0.O .AND. TS.LE.1.0) GO TO 200
WRITE (IPRIN,993) TS
GO TO 99999

200 CONTINUE
IF (TE.GE.O.0 AND. TE.LE.O.0) GO TO 250WRITE (IPRIN,994) TE

GO TO 99999
250 CONTINUEI K=IF (IWAY .EQ. 0) GO TO 350

GO TO 400
350 CONTINUE

K= 2
I 1

400 CONTINUE
J2 a J + 2
J4= J + 4
J6 = J + 6
K(4 = K + 4
K8 = K + 8
110 = K + 10
DO 600 I=NS.NE
T(l) = O.C
T(2) 1.0
IF (I .EQ. NS) T(1) = TS
IF (I .EQ. NE) T(2) = TE
CALL CUBC02 (SEGS (1 I), CC)
DDI = (Cc(3).cc(Ke)) / 6.0
DD2 = (CC(J)*CC(KlO) + CC /2)*CC K8)) /* .o
DD3 = CC()*CC(K4) + CC J2)'CCM(10) + CC(J4)*CC(K8) / 4.0
DD4 = (CC(J2),*CC(K4) + CC(JA)C*C(KO) + CC(J6),CC(KS) / 3.0

DDS = (CC(J4)*CC(K4) + CC(J6)*CC(KiO)) /C2.0
DD6 = CC(J6)*CC(K4)
DO 5S0 L=1,2
IF (T(L) .GT. 0.0) GO TO 450
A(L) = 0.0
GO TO 550

450 CONTINUE
IF (T(L) .LT. 1.0) GO TO 500
A(L) = DDI + DD2 + DD3 + DD+ + DD6GO TO 550

-500 CONTINUEA(L) = ((((( DDI * T(L) + DD2) * T(L) + DD3) T(L) + DD4)
2 * T(L) + DDS) * T(L) + DD6) * T(L)

s50 CONTINUE
AREA = AREA + A(2) -A(l)

i600 CONTINUE
99999 CONTINUE

RETURN

991 FORMAT ('0 SPINT2 -- NS =', 15, ' OUT OF RANGE'
992 FORMAT 'O SPINT2 -- NE =', IS, ' OUT OF RANGE'
993 FORMAT '0 SPINT2 -- TS ', E12.5, ' OUT OF RANGE'994 FORMAT '0 SPINT2 -- TE ', E!2.5, ' OUT OF RANCE'

END
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C DECK SPINTG
SUBROUTINE SPINTG (XA, XB, X. UPTS, ELF.MS, A, CINTG, SINTG)

* SPINTG created from SUMSPL and SPLIIT
evaluates the -integral of a real function defined by

* non-parametric spline segments

* INPUTS
XA = lower limit of i;•teg1raticn

-B = upper limit of integration
" X = array of independenit variables
* NFTS = number of values in x-array
* ELEMS = non-parametric spline segments generated by SPFIT
* A = constant for sp¢cixic integral to be evaluated I
* RETURNS
" CINTG = INTEGRAL OF F(X) : COS(A':)
* SINTG = INTEGRAL OF F (X) SIN(A X)

IF A = 0.0 , THEN CINTG = INTECRAL OF F(X), AND SINTG = 0.
1'!kENSION X(NPTS),ELEMS(4,WFTS)

-" , = 0.0
-:!,.G = 0.0
CALL SPLVAL 'X. NPTS, ELEMS. 'PA. YA, SA, IA)
CALL SPLVAL (X, NPTS, ELEMS, Xli, YB, SB. IB)
A2= A * A
A3 = A * A2
A4 c A * A3DO 500 zI.Ih~B
IF (I GT. IA) GO TO 100
Xl XA
X2 = X(I+i)
Y! YA I
Y2 ELEMS(3.I)
S1 = SA
S2 ELEMS(4,I)
GO TO 300

.00 CONTINUE
IF (I LT. IB) GO TO 200
Xi = X(I)
X2 = XB
Y1 ELEMS(1,I)
Y2 '- YB
Si = CLEMS(2.I)
S2 =b
GO TO 300

200 CONTINUE
xi = XHI)

X2 X I+l)Y1 = ET-EMS ( 1,I)

Y2 ELEMS(3,I)
S1 ELEMS(2,I) 1
S'= ELLMS(4,I)

300 CONTINUE
XX - X2 - X1
IF (A NNE. 0.0) GO rO 400
SEGINT (Y2+Y,) * XX / 2. (S2+S1) * XX**3 / 24.
CINTG CINTG + SEGINT
Gfn T:- DY)

'iO0 CONTINUE
2AA - (S2-SI) / (XX 6.)
ZBB - SI / 2 3
ZCC = (Y2-Yl) / XX - (12 + 2.-Zi) * XX / 6.
AXX = A - XX
E = SIN (AXX.
F - CUS (AXX)

.•.X-- XX XX
.NX3 = XX , XX2
P - 3.*3A2*XX2 - 6.) / A4

Q G.2*XX3 - f.-XX) / A" '
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AMl F*P + E*Q + 6./A4
AA2 cE*P - F*
pp (2.*'XX) /A2

PQ (A2*XX2 -2.) / A3
~BB = F*PF + E*QQ
BB82 = EOPP' --F*Qp - 2./A3
XXA = X / A
CCI = (F-1.)/A2 + E*XXk
CC2 = E/A2 - F*XXA
DD1 = E/A'IDD2 = (1.-Fl/A
AXI= A * X1
VV = COS (AXI)
lii = SIN (AXI)
PPP = ýAAI*ZAA + BBI*ZBB + CC1*ZCC + DD1SYI
QQQ = AA2*ZAA +BB2*ZBB + CC2*ZCC + DD2*Ylý

SUBROTG INTG S ILASP.E SSPRAPSGS

COM4MON /10/ SYSFIL,POTFL.iLCOFFIL.LCOFIL,ICARD,TEXFILIPRIN,

2 SPTFILLACFIL,LAEFlL
2 CRFlL,HPLF'IL,LRAFIL,DRGFIL ,RAOFIL,RMSFIL,SEVFIL ,SPDFIL,

2f SPTFIL,LACFIL,LAEFIL

D!MENSICR ( f~PCSB9

DIMENSION UDI(2) ,ENDI(2,2)

DATA ZERO,ONE /0.0,1.0/I ~DATA Ni)I,ENDI /2*1,4*0.0/

CALL SPLNT2 (PSEGS,P,NPTS,WDI,ENDI)
CALL SPINT2 (PSEGS,NS,SPAJ4.EA,1,ZERO,!1S,ONE,0)

RETURN
END

C DECK SPLNFTI SUbROUTlNE, SPLN.PT
routinie used to wIrite offsets to HPI.FIL for graphics

COMMON /DATINP/ OPTN,MOTNBSCFIL,VLACPR,RAOPR,RLDNPRDI5PLMT,I2 LRAOPR,ADRPR.,ORGOPTN,GMNOM,XG.STATN(25) ,NSOFST(2S),
2 NLEVF(26) HLFBTH(10.25),WTRLNE(10,25),BLEWF(2S) TLEWF(2S),
2 AREALF(285 NPTLOC,PTNUMB(10).PTNAME.XPTLOC(IO).YPTLOC(10)
2 ZPTLOC(10 ),NBO.FBNUMB(10).FI3NAME.XPTFBD(I0),YPTFBD(I0),
2 ZPTFBD(1O),FBCODE(1O),FbTYIPERLDOT(I0),VKDES,FNDES,a2 STATNM.STATIS

CHARACTER*4 PTNAME(8,10),FBNAME(B.1O),STATNM(S),FBTYPE(3,iO)
INTEGER OPTJh.MOTN,BSCFIL,VLACPR,RAOPR,ADRPR,FRLDMPR,FBCODE,

2 FDNUMHB,PTNUr¶B,ORGOPTN
REAL K3

2FBDZ,hF'REbD,XPT.YPT.ZPT.NPTS .LC6,GML.ASTAT,!3STAT.TITLEMASS,
2DISPLM,TPITCH.IRflLL.IYAW,IYAWR-L.CHEAVE,CPITCH,CHEAPI,CROLL,

AREAMX,WSURF,GIRTH,FBDZt' DBLWLTLCB
IXTEGER NSTATKNDNFSET(255,NFREBD,NPTS
CHARACTEk*4 TITLE(20)3 ~REAL )(2S) ,Y(1O.25) ,Z(10,25) .FBDZV(8, 10) ,LPP,BEAM,DBLWL,TLCB,
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2 DRAFTLOF VCG GM DELG, ,NEBLA ,KPITCH, KROLL KYAW ,KYAWRL ,AWP ,VCB,I
2 FBDX(iO) tDDYUIOS.FBDZ(1O),XPT(IO),YPT(1OS,ZPT(1O),LCB,GML,
4 ASTAT(285,BSTAT(26) MNASS, DI SPLM, IPITCH. IROLL, IYAW,
6 1IYAWRL, CHEAVE.,CPITCH CHEAP I, CROLL, AREAMX, WSULFG I RTH (25)

COMMON /10/ SYSFIL, POTFIL. CUFFIL, LCOFIL, I CARD, TEVTIL, IPRIKN,I
2 SCRFIL.*HPLFIL, LRAFIL ,ORGFIL * PAOFIL ,RHSFIL ,SEVFIL, SPO:FIL,
2 SPTFIL * L.A,7FIL , LAEFIL

INTEGER SYSFIL , POTFIL, COFTIL, LCOFIL , IC ARD,TEXiZ7-I.- .'I N,
2S CRFIL , HPLFIL , LRAFIT.., ORGFIL, RAOFTL, RMSFIL , SEVFIL , SPDFIL,I

COMMON /PHYSCO/ II,TPI,PI,PIOIT,fEGRLAD,RADDEG,VKMETR,METRVK,GRAV,
2 RHO, GNU, RHOS, RHOF, GNUS, GVUF,FTNETR, PUN ITS, RE YSCL

COMPLEX II
CHARACTER*4 PUIITS(2)
REAL TPI. PI, PIOT, DEGRAD, RADDEG, VKMETR, YETRVY, GRAV, RHO, GNU, RHOS,

1 RHOF, GNUS, GNIF, rME'rR

COMMON /SMPSYS/ FIS, AG,SIS, SOS, SDS,hALOS,DEV,PRN, SMPPS. SMPIS,I
2 S-MPOS , SMPDS, SHPTYPS, SHIPS, VA.S, .CYCLS, TITLES, OPTION, LSIS, TSOS,
2 LSDS, LH ALOS, LDEV, LP RN,L'SHPP S , LMP 1S, LSMPOS, LSMPDS,LSHPTY PS,
2 LSHIPS, LTITLES

CHARACTER*160 AS
CHARACTER'80 FIS, SIS, SOS.,SDS. TITLESI
CHARACTER*20 HALOS, DEV, PRN , SMPPS , SMPIS, SMPOS,SMPDS, SHPTYPS
CHARACTER SHIPS*6,VARLS*2,CYCLS*2
INTEGER*2 OPTION

DIMENSION P(2,1O),PSEGS(8.9)J,CC(14).AY(900),AZ(900),I
2 HFB(1O.26),WTR(10 25) jDI(2),ENDI(2,2)

CHARACTER*G SNAMEý6)
CHARACTER'80 ATITL
CHARACTER STSP*30

DATA SNAMS !/'YFWD' ,'ZFWD ,YAFFT',ZAFT', HLFBTR 'WTaRTE'/
DATA VDIXII'DI /2*1,4*0.0/'

DO 30 K=1,NSTATN3
NPTS =NSOFST(K)
DO 10 1=1,NPTS

HFBý N HLBTH(I.K)
WTR I:K = WTRLNIE IK

10 CONTINUEU
IF (NPTS.EQ. 1 .AND. STATN(K).GT.10.0) HFB(1,K) =-HFB(1,K)

NPT =10 - NPTS
IF (NPT EQ. 0) GO TO 30
DO 20 I=1,NPT
IPT =I + NPTS
HFB (IPTK) = HFB (NPTS K)
WTR( IPTK) =WTR8( NTSX)

20 CONTINUE
30 CONTINUE

DX zLPP/20 I
WRITE (STSP, 1000) DX,PUNITS(1),PUNITS(2)

1000 FORMAT ('STATION SPACING ='.F6.2,1X,A4,A2)
WRITE(ATITL.1010) TITLE

1010 FORMAT (20A4)I

* open file for hull offset plotting

FIS =SDS(1:LSDS)//'.HPLI
OPEN (UNIT=HPLFIL,FILE=FIS, STATUS='UNKNOWN')

WRITE (HPLFIL,1C-20) ATITL
1020 FORMAT (A80)

WRITE (HPLFIL,1030) STSPI

NOS =10
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KOUNT = 0
40 1K = .U!T + I

DO 100 K=IK,ISTATV
KOUNT z KOUNT + 1
NPTS x SOFST(K)I ~IF (lPTs .EQ; 1) GO TO 100
L = L + 1
AYff(L= 0.
AZ CL) = WT.R(V0S.K) - DRAFT
nnf Ffl 3:1,N0SI IF ýSTATJ(K .GT. '0.0) HFB(J,K) -HFB(J,K)

WTR 3,K) ;WTR(3I DRAFT
Pl (J, = HFB (3K
P (2.3 J xTR( 3,K)'

50 CONTINUE

CALL SPLNT2 (PSEGS, P, NOS, ?qD!,ErDI)
D70Jr-1,NS

CALL CUBC02 (PSEGS(1.J),CC)I NT = 7
DT = ./(NT-1)
DO 60 I=2,NT
L= L+ 1
T (I-1).DTIT2 T*
T3 =T'*T2
AY(L) CC(l)*T3 + CC(3)*T2 + CC(6)CT +CC(7)
AZM ==L CC(2)*T3 + CC(k4)*T2 + CC(6)*"r CC(8)

60 CONTINUEI70 CONTINUE
IF (STATN(K) .EQ. 10.0) GO TO 110

100 CONTINUE

WRITE (HPLVIL.1040) SNAME(3),SNAME(4)
WRITE (PLFIL.,1050) L
DO 210 I.'1.L
WRITE (HPLFIL,1oso) AY(l),AZ(I)

210 CONTINUE3 GO TO 120

110 WRITE (EPL.FIL,1O4O) SNAME(l),SNAME(2)
1040 FORMAT (A6,4x,A8)

WRITE (HPLFIL,1060) L
4.050 FORMAT (21S)I DO 220 I=1I.L

WRITE (HPLFIL.,1060) AY(I).AZ(I)
1060 FORMAT (I0F'7.2)
220 CONTINUE

L =0
GO TO 130

120 WRITE (MLFIL,1040) SNAKE (5), SNAME(6)
WRITE (HPLFIL,1050) NOS,NSTATNI DO 230 Ke INSTATN
WRITE; (HLFIL,1060) (ýIFB (I,X),I=1,NOS)WRITE (HPLFIL,1060 (WTR (I.K), I=I,NOS)

230 CONTINUE
130 IF (KOUNT .LT. !qSTP.rN) GO TO 40

CLOSE (UNIT::HPLFIL)

RETURN

C DECK SPLNT2
SUBROUTINE SPLNT2 ( SEGS, P, NP, NDI, ENDI

SPLNT2 created from SPLUT ( NAVSEC-NOOO )-A S REED JULY 1976I fits cubic parametri.c STpljtie segments through set of data po2ints

* INPUTS3 *P arraxy of (X,Y) points

3 2-7



I

• NP = number of points
N NDI(i) = 1, if initial slope not specified at first point

* IDI(1) 2 2. if initial slope is specified at first point
* NDI(2) a 1, if initial slope not specified at final point

• ]D1(2) m 2. if initial slope is specified at final pointm
• ENDI(1,1) - DX/DT at first point -- not required if NDI(1)31

* ENDI(2,1) = DY/DT at first point -- not required if NDI(1)=
* ENDI(I,2) = DX/DT at final pint -- not required if ND!(2)-l
* EIDI(2.2) = DY/DT at !inal point -- not required if NDI(2)=I

• RETURNS
* SEGS a array of (NP-i) segments in endpoint/tangent form
• X(I),Y(I),DX(I),DY(I),I(I+1),Y(I+I) ,DX(I+1),DY(I+I)

COMMON /10/ SYSFIL,POTFTL,COFFILLCOFILICARD,TEXFIL,IPRIN,
2 SCRFIL,HPLFIL,LRAFIL,ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,
2 SPTFIL,LACFIL,LAEFIL

INTEGER SYSFIL,POTFILCOFFIL,LCOFIL,ICARD,TEXFIL,IPRIN,
2 SCRFIL,HPLFIL,LPAFIL.ORGFIL,RAOFILRMSFIL,SEVFIL,SPDFIL,
2 SPTFILLACFIL,LAEFIL

DIMENSION SEGS(8,NP),P(2,NP) ,NDI(2) ,ENDI(2,2)
DIME1NSION DS(2,70),INDEX(70),RI(70),R2(70),R3(70),R4(70),2 CS(70) ,T1O(2) ,T21 (2)

DATA T10 / 1.0, 0.0 /,
1 T21 / 2.0, 1.0 / 3

initialize segs array. determine deltas, chord lengths and
indices of non-zero length segments.

M= 1
N= NP
N1 = N - IIF (1• .LE. 69) GO TO 1000

N1 = 69
WRITE (IPRIN.999)

1000 CP = 0.0DO 1120 3 = 1, NI
INDEX(J) a J
C= 0.0
DO 1100 I = 1, 2
P1 x PH J,)I
P2 = I 1:3+1)
DELTA a P2 - PI
C = C + DELTA*DELTA
DS(,1M) = 3.0*DELTA
SEGS(I,J) = P1IU
SEGS 1I+4,fl P2
SEGS 1+2,3) DELTA
SEGS(I+8,J) = DELTA

1100 CONTINUE I
IF (C LE. 0.000001) GO TO 1110
C = SQRT( C )
CS(M) CRi (P4 = C

R3 ( CPINDEX(M) =J

CP C
1110 CONTINUE
1120 CONTINUE

check for degenerate case (only 2 points) 3
IF (N GT. 2) GO TO 1300

degenerate case. set single segment tangtnt vectolu. 3
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l 3 INDEX(1)

C =CS(W

124 DO 1240 I 1 = 1, 2IF NDI(1) AGT. I ) SEGSýI÷2,J) a ENDI(II)-C
IF WDI(2) ;GT. I ) SEGS(I+6,J) aENDI(I 2)*C

1240 CONTINUE
GO TO 99999

l1300 CONTINUE

I set end conditions of tri-diagonal matrix

I = NDI(1)
PR2(1) a T21(f)
R3(1) z TIO (I)I z KDI(2)
RIMW = TlO(1)
T2 = T21(1)

solve matrix for twngent vectors

DO 1340 I = 1, 2
R4(I) =DS(I1)/CS(1)
IF ( NDI(1) .GT. 1 ) R4(1) = ENDI(1,1)
DO 1315 3 = 2, K
R = CS(J-1)/CS(J)
R22() 2.0*(CS(J) + CS(j-i))
R4(3) c DS(I,J)*R + DS(I,J-I)/R

1315 CONTINUE
R2(N) z T2
R4(N) = DS(IM)/CS(M)
IF (NDI(2) .6T. 1) R4(N) = ENDI(I,2)

i DO 1330 J = 1, M

R P RI(J+I)/R2(3
R2(1+1) = R2 3+1) - R3(J)*R
R4(0+1) = R4(J+) - R4 J)R

1330 CONTINUE
DN = R4(N)/R2(N)
DO 1336 L = 1, M
J3 N - L
K INDEX(J)
DJ = (R4(J) - R3(3)*DN)/R2(3)
SEGS (I+2,K DJ*CS (J)
SEGSH(16,K) DN*CS(3)
DM = DJ

1335 CONTINUE
1340 CONTINUE
99999 CONTINUE

RETURN

999 FORMAT('O SPLNT2 -- NP EXCEEDS 70. ONLY 69 SEGMENTS RETURNED.')

5 END

C DECK SPLVAL
SUBROUTINE SPLVAL (X, NPTS, ELEMS, XO, YO, SO, IELM)

SPLVAL created from SPLFIT
evaluates a real non-parametric zpline

INPUTS
X = array of independent variables

PTS z number of values in x-arra
* ELEMS z spmlne segments generated by SPFIT

PXO z :-value at which spline is to be evaluated
S * RETURNS

YO = F(XO'= y-value evaluated at xO
SO = seconrd Lrivative evaluated at xO
IELM = index of apline segment containing xO
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COMMON /10/ SYSFIL POTFILCOFFIL,LCOFIL,ICARD,TEXFIL,IPRIN, I
2 SCRFIL,EPLFIL,LRAFILORGFIL,RAOFIL,RMSFlL,SEVFIL,SPDFIL,
2 SPTFIL,LACFIL,LAEFIL

INTEGER SYSFIL,POTFILCOFFIL,LCOFILICARD,TEXFIL,IPRIN,
2 SCRFIL,HPLFILLRAFIL,ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,
2 SPTFIL,LACFIL,LAEFIL

DIMENSION X(NPTS),ELEMS(4,NPTS)

N z NPTS U
IF (XO.GE.X(1) .AND. XO.LE.X(N)) GO TO 100
WRITE (IPRIN,999) XO
GO TO 99999

100 CONTINUE
DO 200 I=2,N
IF (XO .GT. X(I)) GO TO 200
GO TO 300

200 CONTINUE
300 CONTINUE

XX = X(I+1) - X(I)
X1 = X0 - X(I)
X2 = X(I+1) - XO
XX6 = XX * XX / 6.0
Y1 =ELEMS 1,1 IY2 cELEMS 3,

S1 ELEMS (2,1
S2 = ELEMS(4.1)
YO = (SI * X2**3 + S2 * X1**3) / (6.0 * XX) +

2 ( (Y1 - Sl*XX6) * X2 + (Y2 - S2*XX6) * Xl ) / XX
SO = (Si * X2 + S2 * Xl) / Xx
IELM = I

RETURN

99199 CONTINUE

STOP

999 FORMAT ('0 SPLVAL -- EXTRAPOLATION NOT ALLOWED. XO ', E16.8)

END

C DECK SPPLV2 5
SUBROUTINE SPPLV2 (V, P, SEGS, NSEGS, PT, NINT, TINT, INT)

* SPPLV2 created from LNPLI2 and LNPLI

• finds intersection between a curve defined by a par?1metric spline
* and a plane defined by a point and a direction vector

• INPUTS
P lP = X-COORDINATE OF POINT USED TO DEFINE THE PLANE
P 2 = Y-COORDINATE OF POINT USED TO DEFINE THE PLANE
S VI) = X-COMPONENT OF VECTOR PERPENDICULAR TO THE PLANE
V(2) = Y-COMPONENT OF VECTOR PERPENDICULAR TO THE PLANE

• SEGS = SPLINE SEGMENTS IN ENDPOINT-TANGENT FORM, FROM SPLNT2
• NSEGS = FUMBER OF SPLINE SEGMENTS I
• RETURNS
"PT(1) I-COORDINATE OF THE INTFPSECTION

PT 2) = Y-COORDINATF OF THE INTERSECTION
• NINT = INDEX OF SEGMENT IN WHICH INTERSECTION LIES
• TINT = VALUE OF T PARAMETER AT INTERSECTION

INT = 1, IF INTERSECTION FOUND AND WITHIN TOLERANCE* INT = 2, IF INTERSECTION NOT WITHIN TOLERANCE

• INT = 3, IF NO INTERSECTION FOUND
• IIT = 4, IF SEGMENT LIES WITHIN THE PLANE U

DIMENSION V(2),P(2),SEGS(8,NSEGS),PT(2),CC(14),U(2)

EQUIVALENCE (U1,U(1)), (U2,U(2)), (CC1,CC(1)), (CC2,CC(2))
I (CC3,CC(3)). (CC4.CC(4)), (CCS.CC(5)), (CC6,CC(6)), (D,DPS)
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l DATA TOLER, IMAX / 0.001, 10

IIT=1

S*unitize plane direction vector

CALL VUVIT2 (U, S, V)3 determine the segment number n which contains the intersection

DO 140 1=1,NSEGS
DPS=O.0
DPE=O.0DO 1000 1 = 1, 2
DPS = DPS + (SEGSH(,N) - P(I))*U(I)
DPE = DPE + (SEGS I+4,N) - P(I))*U(I)

1000 CONTINUE

check if segment lies within plane. if so, set int and return.

IF(ý ABS( DPS ) .GT. TOLER .OR.
1 ABSC DPE ) .GT. TOLER ) GO TO 130

INT=4
GO TO 99999

130 CONTINUE

* NGcheck if dot product changes sign within segment

3DNSEG=N
IF ý DPS*DPE .LT. 0.0 )GO TO 200
IF DPS*DPE EQ. 0.0 GO TO 145

140 CONTINUE
NSEG=NSEGS
N=1145 CONTINUE

S* check if intersection occurs at eit).;:x enLd of line

Tr'O. 0
DO 1170 J = 1, 5, 4
DIST = 0.0
DO 1150 I = 1, 2
K= I +J - I
PT(I) = SEGS(K N)DIST = DIST + (PT(I)-P(I)) U(I)

1150 CONTINUE
IF C ABS(DIST) .LE. TOLER ) GO TO 1440
N NSEG
T= 1.0

1170 CONTINUE
S no intersection found. set int and return.

INT=3
GO TO 99999

200 CONTINUE

fetch segment polynomial coefficients

CALL CUBC02 (SEGS(1,I), CC)5 *determine scalar polynomial coefficients

A = CC1*U1 + CC2*U2
B = CC3*U1 + CC4*U2
C = CCS*U1 + CC6*U2
A3=A*3.0
52=B*2.0

iterate for t at which the scalar polynomial becomes zero

2
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ITERc0
T=DPS/ (DPS-DPE)

300 CONTINUE
FT=( (A*T+B)*T+c) *T+D
DT=FT/( (A3*T.B2) *T+c)
T=T-DTI
IF ( ABS( DT ) LE. 0.0000001 ) GO TO 400
ITER=ITER+ 1
IF ý ITER I.LE. IMAX ) GO TO 300

IF ABS( FT ) .GT. TOLER ) INT = 2U

*set intersection coordinates, n and t parameters

DO 1420 1 1, 2I
COORD =((cCCI)*T + CC(I+2))*T +CC(1.4))*T + CC(T+6)
IF ( ABS( COORfl - P(I) ) .LE. TOLER ) COORD = PCI)
PT(I) = COORD

1420 CONTINUE
1440 CONTINUEI

TINTzT
99999 CONTINUE

RETURN3
END

C DECK T2DAND
SUBROUTINE T2DAMD (K.PHI2D,T2D,T3D)3

"* calculates added mass and damping forces on a 2-d section given
"* the potentials

COMMON /CH3D/ ISIGMA,SIGMINSIGMAX,V,SINMU,COSMU.WTSI,
2 IMMIN,IMMAX,IMDEL.,LMIN,LMAX
REAL SIGMIN.SIGMAX,V,SINMU,COSMU,WTSIC4)

INTEGER ISIGMAIMMIN,IMMAX,IMDEL,LMIN,LMAX

COMMON /ENVIOR/ VK,NVKMU,NMIJ,OMEGA,NOMEGA,SIGMA,NSIGMA,SIGWH,I
1 NSIGWH,TMODAL,NTMOD,NRANG.RANG,RLAIJC,S,NNMU,FRNUM,VFS
INTEGER NVK,NMUNOMEGA,NSIGMA,NSIGWH,NTMOD,NRANG,NNMU(8)
REAL VK(8),MU(37,8),OMEGAC3O),SIGMAC1O) SIGWH(4),TMODAL(8),

2 RANG(8),RLANG(8).S(30,8),FRNUMCS),VFSC8S

COMMON /GEOM/ X,NSTATN,Y,Z,NOFSET,LPP,BEAM,DRAFT,LCF,
1 VCGGM,DELGM,NEBLA,KPITCH,KROLL,KYAW,KYAWRL.AWP,VCB,FBDX,FBDY,
2 FBDZ,NFREBD,XPT,YPT,ZPT,NPTS.LCB.GMLASTAT.BSTAT.TITLE.MASS,
2 DISPLN,IPITCH,IROLL,IYAW,IYAWR.L,CHEAVE,CPITCH,CHEAPI,CROLL,
2 AREAMX,WSURF,GIRTH,FBDZV DBLWLTLCBU
INTEGER NSTATN,NOFSET(25$ ,WFREBD.NPTS
CHARACTER*4 TITLE(20)
REAL XC2S),YC10,2S),Z(i0,26),FBDZVC8,10),LPP,BEAM,DBLWL,TLCB,

2 DRAFT,LCF,VCG GM DELGM,NEBLA,KPITCH KROLL KYAWKYAWRL,AWP,VCB,

4ASTATC255,BSTATC25),MASS,DISP'LMIPITCH,IROLL,IYAW,I

b IYAWRLCHEAVE,CPITCH,CHEAPI,CROLL,AREAMX,WSURF,GIRTHC25)

COMMON /PHYSCO/ II.TPI,PI ,PIOT,DEGRAD,RADDEG.VYMETR.METRVK,GRAV,
2 RHO,GNU,RHOS,RHOF,GNUS,GNUF,FTMETRPUNITS,REYSCL

COMPLEX I!
CHARACTER*4 PUNITS(2)
REAL TPI,PI,PIOT.DEGRAD,RADDEG,VKMETR,METRVK.GRAV,RHO,GNU,RHOS,

I RH OF, GNUS. ONUF ,FTMETRI
COMMON /WGHTS/ WTDL,NORM
REAL WTDLC1U,25),NORM(4,10,25)

COMPLEX PHI2D 10 10,4),CTEMP.T2DC1O,10),T3D(10,10)
DIMENSION IDX 10 ,JDXC 10)
DIMENSION T(26) ,ELEMS(4,2S)

DATA IOY./!,3,S,3,2,4.6 .2,2,4/3
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DATA JDX/1,3,.6..2,6.4,84,616

INODES:NOFSET(K)
IF(NNODES.LE.O) RLETURN
DO 3 lal.ISTATN
T(I)=0.0

3 CONTINUE 0 .LM.SAI
T()1.0

CALL SPIwTG (A ..),X(ISTATN),X.NSTATN.ELEMS,0.0,WTLI,DUN)
DO 10 ISIGMA=I,ISIGMA
DO 1 L=LMII,LMAX
CTEMP CO(.-0.)
I:!IDX(L)
IN = IIIF (I .EQ. 5) IN =3
IF (I .EQ. 8) IN = 2

3p=3
IF 33-Q.S P=3

IF (3E. JP=2
XFCTR=.

IF I .EQ. 5) XFCTR=-XFCTR*X(K)IIF 3 .EQ. 6) XFCTR= XFCTR*X(K)
DO 2 M=1,NNODES
CTEMP = CTEMP + WTDLu.i,W)*NORM(IN.M,K)*PHI2D(ISIGMA,M,JP)

2 CONTINUEI 2DISIGMA,L) =2.0*II*RHO.SIGMA(ISIGMA)*XFCTh*CTENP
T3D ISIGMA,L) = T3D(ISIGMA.L) + WTLI*T2D(ISIGMA,L)

1 CONTINUE
10 CONTINUE

RETURN
END

C DECK T3DAKfl
SUBROUTINE T3DAMD

COMMON /CH3D/ ISIGMA,SIGNINSIGMAX.VSINM1JCOSMU,WTSI,
2 IMMIN,IMMAX.IMDELLHINLMAX

REAL SIGMIN,SIGMAX.V.SINMU,COSMU,WTSI(4)IINTEGER ISIGMA, IMMIX, IMMAX, IMDEL, T.'IN, LMAX
COMMON /DATINP/ OPTN ,MOTN ,BSCFIL,VLACPR ,RAOPR, RLDMPR .DISPLHT,

2 LRAOPR,ADRPR.ORGOPTN GMNOM,KGSTATN(26),NSOFST(25),
2 KLEWF(2S) HLFBTH(10,2&),WTRLNE(10,25),BLEWF(25),TLEWF(25),I 2 AREALF(2S55,NPTLOC,PTNUMB(I0) ,PTNAME,XPTLOC(10) ,YPTLOC(1O),
2 ZPTLOC(10) ,NBB,FBNUMB(10),FBNAME,XPTFBD(10),YPTFBD(10),
2 ZPTFBD(10),FBCODE(10),FBTYPE,FLDOT(10),VKDES,FNDES,
2 STATNM,STATlS
CHARACTER*4 PTNAME(8,10),FBNAME(8,10),STATNM(6) ,FBTYPE(3,10)I INTEGER OPTN,MOTN.BSCFIL,VLACPRRAOPRADRPR,RLDMPR,FBCODE,

2 FBNUMB,PTNUNB,ORGOPTN
REAL KG

COMMON /ENVIOR/ VK,NVK.MU,NMU,OMEGANOMEGA,SIGMA,NSIGMA,SIGWH,I1 NSIGWH,TMODAL,N7MGD,NRANG,RANG,RLANG,S,NNMU,FRNUM,VFS
INTEGER NVK,NMU,NOMEGANSIGMA,NSIGWH,NTMOD,NRANG,NNMU(8)
REAL VK(B),MU(37,8).OMEGA(30).SIGMA(1o) SIGWH(4),TMODAL(B),

2 RANG(8),RLANG( 8).S(3O.8),FRNUM(8),VFS(8ýI COMMON /GEOM/ X,NSTATNY,Z,NOFSET,LPP,BEAM,DRAFT,LCF,
I VCG.GM,DELGM,NEBLA,KPIT'CH,KROLL,KYfAW,KYAWRL,AW?,VCB,FBDX,FBDY,
2 FBD)Z,NFREBD,XPT.YPTZPT,NPTS.LCB.GML.ASTAT.BSTAT,TITLE,MASS,
2 DISPLM,IPITCH,IROLL,IYAW,IYAWRLL,CHEAVE,CPITCH,CHEAPICROLL,I2 AREAMX,WSURF,GIRTH,FBDZV DBLWL TLCB

INTEGER NSTATN,NOFSET(255 NFREiD,NPTS
CHARACTER*4 TITLE(20)
REAL X(25),Y(1O,26),Z(10,25),FBDzv(8,10),LPP,DýEAM,DBLWL.TLCB,32 DRAFT,LCF.VCG,GMDELGM,NEBLA,KPITCH,.KROLL,KYAW,KYAWRL,AWP,VCB,
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2 FBDX(1O) FBDY(IO),FBDZ(1O),XPT(,rC).'PT(1O),ZPT(1O),LCB.GML,I
4 ASTAT(25S,BSTAT(25) ,MASS,DISPLN,IPITCH,IROLL,IYAW,
5 IYAWRLCHEAVE,CPITCH,CHEAPI.CROLLAREAMX,WSURFGIRTH(2S)

COMMON /INDEX/ PFIDX ,LPFIDXP.RMIDXLP.MIDX,SVIDX ,LSVIDX
INTEGER LPFIDX LRMIDX LSVIDXI
REAL PFIDX(2365RMIDXt.183) ,SVIDX(3)

COMMON /10/ SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD,TEXFIL.IPRIN,

2 SPTFIL,LACFIL,LAEFIL
INTEGER SYSFIL.PC)TFIL,COFFIL,LCOFIL,ICARD.TEXFIL,IPRIN,

2 SCRFIL,HPLFIL,LRAFILORGFIL.RAOFIL.RNSFILSEVFIL,SPDFIL,
2 SPTFIL ,LACFIL *LAEFIL

COMMON /PELEM/ PELEMI
COMPLEX PELEM(4,iOOO)

COMMON /STATE/ LAT ,VRT,LOADS ,ADDRES ,SALT,HEAD ,EXROLL PEKEEL
LOGICAL LAT,VRTLOADS,ADDRES,SALT,HEAD,EXROLL,BKEEL

COMMON /STELEM/ STELEM
COMPLEX STELEM(4.9,260)

COMMON /TELEM/ TELEMI
COMPLEX TELEM(4,9. 10)

COMMON /WGHTS/ WTDL NORM
REAL WTDL(1O,2s),HORM(4,1Q,2S)

LC 'MPLEX T3D(10 10) PH12D(10,10,4)
EQUTVALENCE (PELEMU,1).,T3D(l,l)) ,(PELEM(1,26),PHI2D(1,1,1))
COMPL.EX T2D(10,10)

READ CSCRFIL) WTDLNORMI
BACKSPACE SCRFIL
IMMIN =1
IF (.NOT. VRT) IMMIN =2
IMMAX = 4I
IF (.NOT. LAT) IMMAX =3
IMDEL = 2
IF (VRT .AND. LAT) IMDEL 1
LMIN = I
IF (.NOT. VRT) LMIN = U
IF (.NOT. LAT) LMAX =4
DO 20 I=1,10
DO 10 3=1,10
T3D(I , ) =(0.0,0.0)I

20 CONTINUE
DO 30 K=1,NSTATN
NPT = NOFSET(K)
IF (NPT .LT. 2) GO TO 30I
CALL R?H12D (K,PH12D)
CALL T2DAMD (K,PH12D,T2D.T3D)
M =(K-1)*10
Do 25 L=LMIN,LMAX

25 It = + 1
CALL CPFIT (SIGMA,T2D(1.L),STELEM(1,1,M),NSIGMA)

30 CONTINUE
Do 40 L=LMINLMAXI
CALL CPFIT (SIGMA.T3D(1,L),TELEM(1,1,L),NSIGMA)

40 CONTINUE
REWIND COFFIL
WRITE (COFFIL) TELEM
REWIND COFFILI
IF (RLDMPR .GT. 0) CALL AMDPRN (SIGMA,NSIGMA)

RETURN
END3
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C DECK TANAKA (DYK)adRDU ~G()
SUBROUTINE TANAKA

*calculatescofiinC EDYK)adRDU(RGK)
* for- eacltn ddi-makin roll dnig he method of

*TANAK J. OSNKKAI, V. 0,16

COMMON /ENVIOR/ VKNVK,NU.NMU,OMkEGA,NOMEGA,SIGMA,NSIGMA,SIGWH,
1NSIGWH,TMODAL,NTMOD.NRANG,RANG,RLANGS,NNMU,rRNUM,VFS
INTEGER NVK,NMU,NOMEGA.NSIGMA.NSIGWH,NTMOD.NRANG,NNMU(8)
REAL VK(8),MU(37,S),OMEGA(3O),SIGMA(10) sIGWH(4),TMODAL(8),

2 RANG(8),RLANG (8),S(30,8),FRNUM(8),VFS(85

COMMON /GEOM/ X ,NSTATN ,Y .Z NOFSET,LPP ,BE.AM .DRAFT ,LCF,
IVCG.GM,DELGM,NEBLA.KPITCHKROLL,KYAW,KYAWRL,AWP,VCB,FBDXFBDY,

2 FBDZ,NFREBD.XPT,YPT.ZPT,NPTS,LCB,GML,ASTAT,BSTAT,TITLE,MASS,
2 DISPLM,!r*ITCH,IROLLIYAW,IYAWRL,CHEAVE,CPITCH,CHEAPI,CROLL.
2 AREAMX,Wr :LrGTRTH,FBDZV DBLWL.TLCBI INTEGER ::. 'ATN.NOFSET(2S5 ,NFRE-BD.NPTS

CNARACTER*4 TITLE(20)
REAL X(25),Y(1O,26),Z(10,2S),FBDZV(8,10),LPPBEAM,DBLWL.TLCB,

2 DRAFT LCF VCG GM DELGM NEBLA.KPITCH KROLL KYAW KYAWRL,AWP.VCB,
2 FBDX(iO) FBDYUlOS,FBDZ(1O),XPT(10),YPT(IOS,ZPTUO0),LCB,GML,
4ASTAT(25S,BSTAT(25) ,MASS,DISPLM,IPITCH,IROLL,IYAW,
6IYAWRL,CHEAVE,CPITCH,CHEAPI,CROLL,AREAMXWSURF.GIRTH(2S)

COMMON /RLDBK/ PSUR(25),BMK(25),DK(26) ,CAK(26) ,HQ HSPAN HMNCHD,
2 HAREARXCPNYCP HZCP HGAMNA,HYHAT HEAR,HLCS,RQ(2) ,RSPAN(2),I2 RMNCITD(2),.RAREAt2).RXCPC2),RYCP(2$,RZCP(2),RGAMMA(2),RYHAT(2).
2 JREAR( 2),RLCS (2),SQ(2),SSPAN(2).SMNCHD(2),SAREA(2) SXCP(2),
2 SYCP (2) SZCK 2) ,SGAMMA(2),SYHAT(2) SEAR(2),SLCS(25 BQ(2)
2 EBSPAN (2S,BMNCHD(2),BAREA(2),BXCP(f2SBYCP(2),BZCP(2S,BG-AMMA(2),
2 BYHAT(2) BEAR(2),BLCS(2) FQ(2) FSPAX(2) FMNCHD(2) FAREAý2ý,2 FXCPC2),FYCP(2),FZCP(2),FGAMMAý2),FYHAT(2),FEAR(2SFLCS 2
2 PQ(2,2),PSPAN(2,2),PHNCHD(2,2),PAREA(2,2) PXCP(2 2) PYCP(2.2).
2 PZCP(2 2) PGAMMA(2,2),PYHAT(2,2),PEAR(2,2S PLCS(; 25,
2 STADMPUlOS,SHPDMP(10,8),ENCCN,WPHI,TPHI.WMELM(4,9$ SýFELM(4 9 8)
2 REELM(4 9 8) PEELM(4,9,8) FEELJ4(4 9 8ý HEELM(4,9 8S,BEELM(i,6,85,
2 ENWM.ENSFý8,8),ENRE(8),ENPE(B),ENFEt8 :NE8:EB()
2 ENEMV(8,8),ENRL(8).ENPL(B),ENFL(8) ENHL(8),ENSL(8),ENBL(8),
2ENSHP (88) RELM(4,9) ,ITS(2S),RD (255,EDDY(8,25),RGB(25)
REAL RDBLKý2692)I ~EQUIVALENCE (PSUR~i) ,RDBLK(1))
DO 20 IA=1,NRANG
DO 10 K=1 NSTATN
EDDY(IA,KS = 0
RGB(K) =0.
IF (NOFSET(K) .LT. 2) GO TO 10
BLOCAL = BMK(K)
TLOCAL = DK(K)
ORG = TLDCAL - VCGI ~IF (ITSCK) .EQ. 1) CALL SERD (K,RANG(IA),BLOCAL,TLOCAL,ORG,

2 EDDY(IA K),RGE(K))
IF (ITStK)'EQ. 2) CALL SERAB (KPANG(IA),BLOCAL.TLOCALORG,

2 RD(K),EDDY(IA,K),RGB(K))
IF (ITS(X) .NE. 3) GO TO 10

* stations with skegs

ORG = TLOCAL - VCG
CALL SERE (BLUCAL,ORG,EDDY(IA,K),RGB(K))

10 CONTINUE
20 CONTINUE

RETURN

END

C DECK TEPEAK
SUBROUTINE TEPEAK (NWEVN,WEVN,ERS,XTOE,TPI)
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* this routine obtains the period of max energy of an encounterI
* spectrum.
* W.G.MEYERS, DTNSRDC, 072877

DIMENSION WEVN(NWEVN) ,ERS(NVEVII)I
XTOE =TPI/WEVN(1)
DO 10 I1':,NWEVN
TE = TPIIWEVN(I)
IF tERS Ij.GT.PEAK) XTOE =TE
IF ZEA IGT'.PEAK) PEAK = ERS(I)

10 CONTINUE

RETURN
ENDI

C DECK TFNFIT
SUBROUTINE TFNFIT (RLANG,NRANG,RLANS,MOTh.JMIWCTFN)

DIMENSION RLANG(8)
COMPLEX MOT'L(3,30,8),CANS(8),CELH(4,8),CTFN,CDUM

IF (RLANS .GE. RLANG(l)) GO To 10
CTFY = MOTL(JM,IW,1)
GO TO 40

10 IF (RLANS .LE. RLANG(NRANG)) GO TO 20
CTFN =MOTL(JMIW,NRANG)
GO TO 40

20 DO 30 IA=1,NRANGI
CANS(IA) = MOTL(JM,IW,IA)

30 CONTINUE
CALL CPFIT (RLANGCANS.CE-LM.NRANG)
CALL CPLVAL (RLANG,NýRANG,CELM,RLANS,CTFN,CDUMIELM)

40 CONTINUE
RETURN
END

CDECK TOEI
SUBROUTINE TOE (KREC,AOMGE,RAO1,RAO2,JA,IT,R,B2,NPREDH.NLCH,N1,

2 N2,NBETA,DELBET.NWEVN,IJEVN,IV,DATA)

DIMENSION KREC(13),AOMGE(3O 13) RAG1(30,8,13),RAO2(30.8,11),
2R(30),B2(36),WEVN(100),DATA(432S DUMI(30),DUM2(30),ARLC1(106),I

2 ARL.C2(100).ARLC3(100),RLC(100,245

COMMON /ENVIOR/ VK,NVK,MU,NMU.CIMEGA,NOMEGA,SIGMA,NSIGMASIGWH,
1 NSIGWH,TMODALNTMOD,NRANG,RANG,RLANG,S,NNMU,FRNUM VFS

INTEGER NVK.NMU,NOMEGANSIGMA,NSIGWH,NTMOD,NRANG,NNMU(8)I
REAL VK(8),MU(37,8),OMFGA(30),SIGMA(I0) SIGWH(4),TMODAL(B),

2 RANG(B).RLANG(8),S(30,8),FRNUM(8),VFS(8ý

COMMON /PHYSCO/ TIITPI ,PI ,PIOT,DEGRADRADDEG,VKMETR.METRVK,GRAV,
2 RHO,GNU,RHOS,RHOF,GNUS,GNUFFTMETRPUNITS,REYSCL

COMPLEX II
CHARACTER*4 PUNITS(2)
REAL TPI,PI,PIOT,DEGRAD,RADDEG,VKM';TR,METRVV,GRAV,RHO,GNURHOS,
IRHOF,GNUS,GNtJF,F'TMETRI

DO 50 IH=1.NMU
HONG =(IH-1)*DELBET
11 = Ni + IH
12 =N2 - IH
IF (12 .LE. 0) 12 = 12 + NBFTA
IFKREC(IH) .GT. 0) GO TO 20

DO 10 I=1.NWEV: I
GO TO 50

20 CALL PSPLC (NOMEGA,OMEGA,AOFMGE(1,IH),VK(IV).HDNGDEGRAD.GRAV,
2 VKMETR.DUMI,DUM2,RA0l(1,JA,IH).S(1,IT) ,R,NWEVN,WEVN,ARLCI,ARLC2,
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I2 ARLC3 RLC(i11I))
IF (KAEC(IiS .EQ. 2) GO TO 40
D0 30 Ic1,NWEVN

30 RLC(I,I2) = RZ.C(I,Il)
GO TO 6O

CALL PSPLC (NOMEGAOMEGA,AOMGE(1,IH),VK(IV),RDNG,DEGRAD,GRAV.

2 ARLC3.,RLC(1:12))
60 CONTINUE

L =0
DO 60 IPB=1 NPREDH3 CALL PSPSC 4NWEVN,WEVNRLCNBETA.B2,NLCH,IPE.ARLC1,ARLC2,TOELC,

2 TOESC,TPI)
L =L+ I
DATA(L) = TOELC
L =L+ I
DkTA (L) =TOESCU60 CONTINUE
RETURN
END

CDECK TR.IM
SUBROUTINE TRIM

* This subroutine provides the correction of zero-speed freeboard
for the sinkage and trim induced by orward soeeds. Reference-3RICHARD C. BI HP and NATHAN K. BAKf ASNHSSO O

* WAVE PROFILE AND CHANGE OF LEVEL DATA FOR DESTRDYER-TYPE HULLS
* WITH APPLICATION TO COMPUTING MINIMUM REQUIRED FREEBOARDS,"
* DTNSRDC REPORT 78-SPD-811-01, JAN. 1978. The formulae for

sinkage, 20, w~ere developed in units of feet. Conversion
to mneters is provided. The f ormulae for trim, a-ng, were

* ship speed is in knots. NBB=O mea-ns a ship without a bow dome.

COMMON /DATINP/ OPTNMOTN.BSCFIL,VLACPR.RAOPR,RLDMPR,DISPLKr,
2 LRAOPR.ADRPR,ORGOPTN,GMNOM.KG,STATN(25) ,NSOFST(25),
2 NLEWF(25) HLFBTH(10.25),WTRLNE(l0.25).BLEwF(25) TLEWF(25),2 AREALF(25iNPTLOC PTNUMB(IO) ,PTNAME,XPTLOC(IO) ,YPTL(1)
2 ZPTLOC 10 ,NBB,FBNUMB(IO),FBNAME,XPTFBD~.i0),YPTFBO(l0),U 2 ZPTFBD(1O),FBCODE(10).FBTYPERlDOT(1O).VKflES,F'NDES,
2 STATNM,STATIS

CHARACTER*4 PTNAME(8.1O),FBNAME(8,1O),STATNM(s),FBTYPE(3.10)
INTEGER OPTN .MOTN,BSCFILVLACPR,RAOPR.ADRPR,R.LDMPR,FBCODE,

2 FBNUMBPTNUMB,ORGOPINU REAL KG
COMMON /ENVIOR/ VK.NVK,MU.NMU,OMEGA.UOMEGA,SIGMA,NSIGMA,SIGWH.

1 NSIGWHTNODAL,NTMOD,NRANG,RANG,RLANG,s,NNMU,FRNUM,VFS
INTEGER NVK ,NMU,NOMEGA ,NSIGMA,NSIGWH,NTMOD,NRANGNNMu(8)
REAL VK(8).MU(Z7,8),OMEGA(30).SIGMA(1O) SIGWH(4),TMODAL(B),

2 RANG(8),RLANGC8),S(30.8).FRNUM(8).VFS(eS

COMMON /CEOM/ X.NSTATN,Y.Z.NOFSET,LPP,BEAM,DRAFT.LCF,
1 VCG,GM.DELGM,NEBLA,KPITCH.XRDLL.KYAW,KYAWRL,AWP,VCB,FBDX,FBDY,
2FBflZ,NFREFBD,XPT,YPT,ZPT,NPTS,LCB,CML,ASTAT,pSTATTITLE,MASS.
2DISPLM,IPITCH,IROLL.IYAW.IYAWRL.CHEAVE.CPITCH.CHEAPI,CRO:L,

2 AREAMX,WSURF,CGIRTH.FBDZV DBLWLTLCB
INTEGER XSTATN,NOFSET(255 .NrREBD,XPTS3 2 REAL X(25),Y(IO.2&),Z(10,25),FBDZV(8,IO).LPP.BEAM,DBLWL.TLCB,

2DRAFT LCF VCGGM DELGM,NEBLA.KPITCH,KROLL KYAW,KYAWRL,AWP,VCB,
2 FRDX(iO) FBDY(1OS,FBDZ(10).XPT(10),YPT(10ý,ZPT(I0),LCB,GML.
4 ASTAT(251).BSTAT(25).TITLE(20).MA~SDISPLM.IPITCH.IROLL,IYAW,
6 IYAWRL,CHEAVE,CPITCH.CHEAPI,CROLL.AREAMX,WSUR, ,GIP.TH(25)I COMMON /PHYSCO/ II,TPI.PI .PIOT.DEGRAD,RADOEG,VKMEh,NPETRVK,GRAV,
2 RHO.GNU,RHOS,RHOF,GNUS,GNUF,FTMET'R,PUNIT3;,REYSCL

COMPLEX II3 CHARACTER*4 PUNITSC2)
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REAL TPI,PI,PIOT,DEGRAD.RADDEG,VKMETR,METRVK.GRAV RHQ,GNU,RN(O3,I
I RHUFGNUS ,GNUF,FTXETR

REAL LO
CHARACTER*4 METER

DATA METER /'METE'!

CON = 1

IF' (PUNITS(1) .EQ METER) CON = FTMETRI

* speed is FROLJDE scaled to LO ship

LO = 480.*CONI
VO = SQRT(LO/LPP) * VK(I)
V2 =VO*VO
V3 = V2*VO
IF (NEB EQ. 0) GO TO 201

* ship with bovi dome

20 =(.007848*VO + .OCi321*V2) * CON
ANGO = (.016422*VO - .0021752*V2 +S.957E-E*V3) *DEGRAU

GO TO 30I

* ship without bow dome

Z0 = (- .00E292*Vo + .0018b55V2) * CONI
ANGO = (.0092648*VO - .0O1569i2*V2 -t4.!e9127E-5.v3 * DEGRAD

30 CUNTI}1 UE

* silikage FROUDE scaled from LO0 ship to LPP ship.I
* sinIkagra "d trix, -Oth -da"Inc-A otv.
* freeboard correctilon = F -SNAGE + FBDX*TRIM

DO F~ J=1,NFREBDI
TRM = ANý,0
FEDZV(I,J) = FBDZ(J) - SNK + FBDX(J)*TRM

5 CONTIhIJE

1 CONTINUE
RETURN
END

CDE.CK TRhLATI
SUBROUIINE TRNLAT k(VCG,TL,EXCL.TLC,EXCLG)

COMPLEX TL(3,3),EXCL(3),TLG(3,3).EXCL(G(3)

TLG(1,i) TL(1,1)

TL( 3C) TL 1 3
TLG(2,1) =TLG(1,2)
TLG 2,2) IL(2,2) + VCG*(TL(1,2) + TL(2,I) +VCG*TL(1,1))
iLG 2,3) = TL(2, z,) + VCG*TL(1,3.)I

TL( )= TL(3,2) +VCG*TL(3,1)
EXLG23:) = C I,(33
EXc-LG(i) = EXCL(1
LX C LG(3) =EXCL 2) + VCG*EXCL(1)

RETU R?

C DECK TWODPT
SUBROUTINE TWODFT (KSTA,YSTA,ZSTA,NPT,PH12D)
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* This subroutine provides two-dimet~sional velocity potentials for
* osc41!&tir.,g cylinders of a.rLitrary cross s~c*ýon in a free Rurface
* four veloi.xty potentials acsociated with ti~d individual mcd 6
*of o--cillation, zu~rge, sway, haave, '-ýd roll, &re obtaitted which

* are stored in PHI2D (frequency, offset point, mode).

REAL VK(8),MU 37,8),OMEGý(130).SIGMA(1O) SIGWH(4),TMODAL(8),
2 ItAWG(8),R.LAVG 8) ,S (30.,8),FkVUM(8),VFSW8

COMMON /GECM/ X,tLSTATX,Y,Z,N0FSET.LPP.BEAM,DRAF¶.,LCF,
1 VCG,CM,DELGM,NEBLA,XPITCH,I(ROUL,KYAW,I(YAWRL,AWPVCB,FBDX,FBDY,I2 F.RZ.IFREBDXPT,YPT.ZPT,NPTS,LCB,GML,ASTAT,BSTAT,TITLE.MASS,
I DISP?..M,IPITCH,IROLL,XYAW.IYAWR.L,CHEAVE,CPITCH,CHEAPI,CROLL,
2 AREAMX,WSURLF, GIRTH, FBDV DBLV'L,7LCB

INTEGE.R XSTATN,NOFSET(25 ,NFRLBD.NPTS
CHARACTLR*4 TI7SLE(20)I REAL X(25),Y(10,25),Z(1O,25),FBDZV(8,1O),LPP,BEAM,DBIIWL,TLClB,

2 DRAF7,LCIVCG GM DELGMNEBLA KFITCH KROL.L 'KYAW KYAWRL,AWP.VCB,
2 FI3DX"1O) FBDY(IOS,FBDZ(1O),XPT(I0).YPT(10S,L"-T(10),LCB,GML,
4 ASTAT(ThS .BSTAT(2S) ,MASS,DISPLM,IPITCH,ýROLLTYAW
6 IYAWRL,CHEAVE,CPITCH,CHEAPI,CROLL,AREAMX,WSURF,G;I LH(26)

CONHION /10/ SYSFIL,POTFIL,COFFILLCOFIL,ICARD,TEXFIL,IPRIN,
2 SCRFIL,HPLFIL,LRAFIL,ORGFI'I,RAOFIL,RMSFIL ,SEVFIL,SPDFIL.
2 5P-'FT!,LA-FIL,LAEFIL

INT"EGER SYSFTL,POTFlL.,COrFIL,LCOFIL,ICARD),TEXFIL,IPPIW,
2SCRFIL,HPLFILLRAFIL,ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,
2 SPTFIL,LACFIL.LAL.FIL

COMMON IPHYSCO/ II,TPI,PI,PIOT.DEGRAD.RADIMG.VKMETR.METRVK,GRAV,
2 RHO,6Nt),RHOS,RXOF,GNUS,GNUF,F~rmETk,PUNITS,REYZCLI COMP;.X 11

CF-Tiý.CTErt'4 PIUN:ITS(2)
REAL. TPIPX,.PIQT,DEGRAD,RADIEC-,VKMETh,METRVK,GRAV,RHO1,GNL',RHOS,
IRHOF GNUS,GNUF,FTMETR
COMMON /STATE/ LAT,VRT,LOADS,ADDRES,SALT,HEA1n,EXROLL.,BKEEL
LOGICAL LAT,'VRT,L0AUS5,ADDRES,SALT,H'-AD,EXROLL,BIKEEL

COMMON /TWOD/ YY, ZZ, ENN, 1STAI IeQTEGER ISIA
PEAL YY"1O,25J,2Z(I0,25),ENN(4,10,25)/

COMPLEX RHS1(0),RS(0), RHS3(10ý, RIIS4(1o). Q1(o), Q2(1c
Q3(10), Q4(10) GFEENV(10 10, G2REENL(1O.1O), CfV (10,1I * CTL(1O,10), UV61O,1O), UU1iO,10), SIGIM, FAC,

* PRI2D(10,10,4)
DIMENSION PDTLOG(2,10,l0), PTOLOG(2 10 10). ý'N(1O), SN(1O)

VIiIENSICR YSTA(1O),ZS1A(1O)

LOGICAL LID

IETA =KSI1A
FACTOR =SQRT(GR&VJ'LPP)I QRLC SQRT(LPP/GRAV)
DO 60 I=1,NS:V!A
SIGMA(fl = SiGh!tC2*)SQ;,LG

COCONTIN" !E
DO 70 J:1,NPI
ENN(4,J,ISTA) --EN'N(4,J ,IiSTA)/L.PP
YS(J) zYSTA(J)/LPP
ZS(J) = ZSTA(2')/LPP
Yy~ (J.STA) = YY (J,ISTA)/LPFI ~Z7 (J ISTA)= ZZ U. ISTA)/1LPP

70 CONTINUE;
SQ(1) = 0.
DO 72 N-2.flPT3 NMz N -- I
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YINT :S(N) -YS(MM
ZINT ZS(N) -ZS(NM)
GIft SQRT (YIN'f*YINT+ZU.IT
SQ(N)= SW(M) +GIR

72 CONTINUE
WON = PT - II
YINT = YY :1ISTA) : YS(1)
ZINT =ZZ( IISTA) -ZS ()
GIR = SQRT(YINT*YINUT+ZINT4.ZINT)
SP(i) = GIft
DO 74 N=2,101
NM I - 1
YINT =YA (NISTAý - 'CI NM,ISTAýZINT =ZZ(N, ISTA - ZZ(NM IISTA
GIft SQRT (YINT*YIKT+ZINT*ZINT)

74 CONTINUE
DO 76 N=2,ION
RM =N - I
DEN = SP N) - SP(MM)
WliN N SP Nl - SQ%())/DEN
W2(N = SQ N -SP(NM))/DEN

76 CONTINUE

DERNz SP(2) - SP(1
W1(1) = (SP(2) - SQ (1))/DEN
W2(I) =SQ I) -SP (1) )/EN

DN SP(NDN) - SP(NM)
HiT =N~ (SP( NON) - SQ (NPT) )DEN
W2(NPT) =SQ( IPT -SP(NM)) /DEN

test for LID

LID = .TRUE.
IF (ABS(YS(NPT)) .LE. i.OE-E) LID .FALSE.

NARG m NPT
IF(.NOT.LID) NARG =NPT-1
NZRO =NPT + I
below two cards are to introduce one more segment on the freeU

* surface inside a cross section for removing irregular frequencies.

YS(NZRO) -0.
ZS(VZRO) = 0.

CALL, ORNLOG( YS, ZS, NARG, POTLOG, PTNLOG, CN, SN)
DO 10 K=1,NSIGMA
SIGMA2 =SIGMAW()*2
SIGIM=II*SIGMA (K)U
DO 1 I=1,NON
RHSI(I) =-ENN ( ,I,ISTA).SIGIM
RHS2 (I) = -ENN (2,IISTA)*SIGIM
RHS3 (I= -EiN( 3,IISTA)*SIGIM
RHS4 1I) = -EMNN(4,I,ISTA)*SIG1MI

* the following four cards are to impose a rigid whll condition on

* the waterline segment inside the section.I
IF(Y~OT. LID) GO TO 26
RHSI NT) = (.0 0, 0.0RHS2 CNPT5 ( 0.0, 0.0)
RHS3 NPTý = 0.0, 0.0)

RHS4 NPT r 0.0, 0.0)

CALL GRNFRQ( YS, ZS, NARG, SIGMA2, POTLOG, PTNLOG, CN, SN,

CTV, CTL, GREENV, GREENL)I
* for the Pigebraic equation AXZB, CDCOMP makes an in~versioni of
* the matrix A, and CSOLVE provides the solution vector X by
* Xz('ANVILRTED A)B
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I

CALL CDCOMP( NARG. 10, CTV, U'V, IPV)
IF (IPV(NARG) .EQ. 0) GO TO 17
CALL CSOLVE( NARG, 10, tV, RHS1, Q1, IPV)
CALL CSOLVE( NARG, 10, UV, RHS3, Q3, IPV)
IF (.NOT. LAT) GO TO 20CALL CDCOMP (IARG, 10, CTL, UL, IPL)

IF (IPL(NARG) .EQ. 0) GO TO 17
CALL CSOLVE (NARG, 10, UL, RHS2, Q2, IPL)
CALL CSOLVE (NARGo 10, ULt, RHS4, Q4, IPL)

20 CONTINUE
DO 2 I-1,NON
PHI2D(K,I, (0 , .
PH12D 2KI 31 Na20.. , 0.I DO 2 3=1,UARGFAC=GREEIV(I,J)*FACTOR
PHI2D(KI.1) c PHI2D (K,I,1 +QI3)*FAC
PRI2D(K,I,3) = PHI2D (K,I,3 +Q3( 3)*FAC

2 CONTINUE

PHI2DS are to be interpolated or extrapolated linearly from the
* midpoint of the segments to the offset points.

QI arrays are to be used for temporary storage for PHI2DS

DO 150 N=2,1ONNM = N - I

Q1(N, r WI(N).PHI2D(K,NM,1) + W2(N)*PHI2D(K,N,I)
Q30N) = Wl(N)-PHI2D(K,NM,3) + W2(N)*PHI2D(K.N.3)I150 CONTINUE
NK = RON W2 I*H2(K2
Q1 1) = Mlý:IPH121DýK:1:1ý + W21:H2DK21
Q3 1) r W1 1 PH12D(K.1 3 * W2 I PHfI2D(K 2.3)

n ~Q wp W1' = NPTý'PH12DýK NM 1ý + W24NPT)PHI2D(KBNON1)

Q31N~r: (NPT *PHI2D KNM ,3 + W2 NPT *PHI2D KNON,3)
DO 90 I=1,NPT
PHI2i(K,I,1) = 01(I)

90 PHI2D(K,I.3) Q3(I)
IF(.NOT. LAT) GO TO 10
DO 5 I=1,NON
PHI2DOK,I 2 ( =(0. 0.)
PHI2D KI'4 = 0. : 0.)
DO 6 J=I.NARG
PH12DýKIV = PH12DKKI,2)+Q2f*FAC

5 PHI2D(K1.,4 PHI2D K,I,4 +Q4 3 *FAC
DO 160 N=2,NON
NM N I
Q2 ('N WI(N)*PHI2DK NM U2 + W2(N)*PKI2DMK N 2)
Q4 WI (N)*PH12D (KNM.4 + W2 (N) *PHI2D(KN.4)

160 CONTINUE

NM = NON - 1
Q2(1) c W1•8:,PHI2D(K,1,2) + W2(1)*PHI2D(K 2 2)
Q41) = W11)*PHI2D(K,1,4) + W2(1)*PH12D(K.2.4)
Q2 (KPT) = WI(NPT)*PHI2D(KNM,2) + W2(NPT)*PHI2D(KNON,2)
Q4(NPT) = WI(NPT)*PHI2D(KNM,4) + W2 NPT)*PHI2D(KNON,4)
DO 07 I=1,NPT
PHI2D(K,I,2) = 2(I)

97 PHI2D(KI,4) = Q4(I)
10 CONTINUE

Go TO 19
17 WRITE (IPRIN.18) K

18 FORMAT (//// IOX,'TWODPT -- SINGULAR MATRIX AT K=', 13)
STOP

19 CONTINUE

patch to obtain correct potential
DO 32 K=INSIGMA

DO 30 I=1,NPT
DO 31 3=1,4
PHI2D(KI, 3)=-CON3G(PHI2D(K,I,J))3 31 CONTINUE
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PliI2D(K,I,4)-LPP*PHI2DCK,1I 4)1
30 CONTINUE
32 CONTINUE

DO 76 Izl,NSIGMA
SIGMA(I) = SIGMA(I)/SQRLG

75 CONTINUE
DO 80 .Jcl NPT
ENNC4 J,ISTA) cENN(4,3,ISTA)*LPP
VYY iSTAý = YY 3.ISTAý CLPP

80 CONTINUE =ZZLPI

RETURN
END

C DECK VELACC
SUBROUTINE VELACC (IM,IT,GRAV,NL,NUOMEGAE,RAO1,PESI,RAO2,PHS2,

2 NOMEGANPLANE,IPHS)

* This routine obtains the velocity and acceleration raos and
* phase angles for motions at the origi and at a point.

* W.G.MEYERS, DTISPLDC. 100477

DIMENSION OMEGAF.(NOMEGA) ,RA01(NOMEGA) .PH31(NOMEGA' ,RAO2(NOMEGA),
2 PHS2(NOhcEGA)I

GPAV2 =GRAV*GRAV
DO 20 I=NL,NU
OMEGE2 =OMEGAE(I)*OMEGAE(I)
OMEGE4 = OMEGE2*0MEGE2I
DO 10 I=1,NPLANE
IF (IT.EQ.2 .AND. 3.EQ,1) RAOI(I) =RAOI(!)*OMEGE2
IF (IT.EQ.2 -AND. J.EQ.2ý RA02ýI = RA02 (I) OMEGE2
IF ýI?.FQ.3 .AND. .1.EQ.1 RA01 I = RA01 I' *OMEGE4
IF IT.EQ.3 .AND. J.EQ.2 RA02 1) = RAO2RI)*OMEGE4

IF (T.E.3:AID. IMLT.4 .AND. .1.EQ.1) RAO1(I) = RAOi ()/GRAV2
IF(I.~. AND. IM.LT.4 AND. J.EQ.2) RA02(IJ RA02( 1)/GRAV2

IF (IPHS .EQ. 0) GO TO 10
IF IT.EQ.2 .AND. J.EQ.1) PES1 I) =PHSI I + 90.I
IF IT.EQ.2 .AND. J.E'L2) PHS2 I) =PHS2 I +90.
IF IT.EQ.3 .AND. J.Eq.fl PHS1 I) = PHSIfl +I 180.
IF IT.EQ.3 .AND. J.EQ.2) PHS211I = PHS2 (I + 180.

10 CONTINUE

20 CONTINUE
RETURN
END

C DECK V1SC3
SUBROUTINE VISC

COMMON /CH3D/ ISIGMA,SIGMIN,SIGMAX,V,SINMU,COSMUWTSI,
2 IMMIN,IMMAX,IMDEL,LMIN,LMAX

REAL SIGMIN,SIGMAX,V,SINMU,CDSMU,WTSI(4)3

COMMON /ENVICR/ VK,NVK,MU,NMU,OMECA,NOMEGASIGMA,NSIGMASIGWH,
1 NSY.GWH,TMODAL,NTMOD,NRANG,RANG,RLANG,SNNMU,FRNUM,VFS

IN-:EGER NVK,NMU,NOMEGA,NSIGMA,NSIGWH,NTMOD,NRANG,NNMU(8)
REAL VK(8),MU(37,8) OMEGA(30),SIGMA(1O) SIGWHi(4),TMODAL(8),

2 RANG (8) IRLANG (8),S(30,8),FRNUM(8),VFS(BS

COMMON /GEOM/ X,NSTATN,Y,2,NOFSET,LPP,BEAM,DRAFT.LCF 3
1 VCG,GM,DELGM,NEBLA,KPITCH,1<ROLL,KYAW.KYAWRL,AWP,VCB,FBDX,FBDY,
2 FBDZ.NFREBD,XPT,YPTZPT.NPTS,LCB,GML,ASTAT.BSTAT,TITLE.MASS,
2 DISPLM,IPITCH,IROLL,IYAW,IYAWRL,CHEAVE,CPITCH,CHEAPI,CROLL,
2 AREAMX,WSURFGIRTX,FBDZVDBLWL.TLCB

INTEGER NSTATN,NOF'SET(25j ,NFREBD.NPTSI
CHARACTER*4 TITLE(20)
REAL X(26),Y(1O,2''),Z(10,2&r),FBDZV(8,10),LPP,BEAM,DBLWL,TLCB,

2 DRAFT,LCF,VCG GM ')ELGMNEBLAKPITCH KR1OLL V.YAW,KYAWRL,AWP,VCB,
2 FBDX(1O),FBDY(105.FBDZ(10),YPT(IO),YPT(105,ZPT(1O),LCB,GML.
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4 ASTAT(26) .BSTkTC26),MASS.DISPLMq.IPITCH,IROLL,IYAW,
6 IYAWRLL, CHEAVE, CPITCS, CHEAP I, CROLL, AREAMX,WSURF G I iTH(25'

COMMON /PHYSCO/ II,TPI,PI,PIOT,DEGRLAD,RADDEG.VKMETh,METRVK,GRAV,
2 RHO,GNU,RHOS,REOF,GNUS,GNUF,FThETR,PUNITS,REYSCLI COMPLEx IT ,

CHARACTER*4 PUINITS(2)
REAL TPI,PI,PIOT,DEGRAD,RADDEG,VKMETR,METRVXGRAV,RHO,GIU,RRHOS,

1 REOF,GNUS.GNUF,1FTMETRI COMMON /R.LIDK/ PSUR(26),BMKC25),DK(26).CAK(26),HQ,HSPAN,HMNCHD,
2 HAREA BxCP,HYCP BZCP HGAKMNAHYHAT HEAR HLCS RQ(2) RSPAV(2)
2 RMNChiD(2),RtAREAt2),RXCP(2),RYCP(2i RZCP(2),iGAMMAM )RYHATý2),
2 REAR(2) ,RLCSC2) ,SQ(2),SSPAN(2),SMNCHD(2),SAREA(2) SXCP(2),
2 SYCP (2) SZCP(2) SGAMMA(2) SYHAT(2) SEAR(2) SLCS(258BQ(2).
2 BSPAN (2 .BMUCHDt2),BAREAC2),BXCP(25,BYCP(2S,BZCPC25.BGAMMA(2),
2 BYA()BA()BC()F()FSPAN(2) FMNCu-D(2) FAREA 2ý
2 FXCP(2) ,FYCP(2),FZCP(2),FGAMMAý2),FYHATý2)j FEAR(fl F'LCS 22 PQ(2 ,2) PSPAN(2,2),PMNCHD(2,2),PAREA(2.2) k'CP(2 25 PYCP(2 .2),

2ENWM,ENSF(8 8) ENRE(8)ENPE(8),ENFE(8) ENHE(8'1 EMBE(B),
2ENEMV(8,8),ENRL(8),ENPL(8),ENFL(8) ENHL(8),ENSL(e),ENBL(8),
2ENSHP(8 8) RELM (4,9), IrS(2-5).RD(2s5,EDDY(8,25),RGB(2s)
REAL RDELKH292)
EQUIVALENCE (PSUR(i) ,RDBLX(i))

DO 10 IA=1,NRANG
Do 10 IS=1,NSIGMA

10SHPDMP(IS.IA) =0

10CONTIU

DO 30 IA=1,NRANG
DO 20 IS=i,NSIGNA

NTDM S) =CON.SIGMACIS)*RANG(IA)*EDDY(IA,K)
STADNP IS) =SIGMA(IS)*STADMP(IS)ISHPDMP IS,IA) =SHPDMP(IS,1A- + STADMP(IS)

20 CONTINUE
30 CONTINUE
40 CONTINUEI DO 50 IA=1,NRANG

CALL SPFIT (SICHA,SHPDMP(I,IA),HEELM(i I. IA),NSIGMA)
FNHE(IA) =ENC0N.REVAL(HEELM(1,ISIGMA~iAS,WTSI)

50 CONTINUE
RETURN
END

C DECK VUNIT2
SUBROUTINE VUNIT2 (Vi, Si, V2)

VUNIT2 created from VUNIT ( NAVSEC-N066 A M REED JULY 1976
* unitizes plane direction~ vector

DIMENSION Vi(2). V2(2)

S =SQRT( V2(i)*V2(1) +V2(2)'V2(2))
IF (S .LE. O.00OO0i.(ABS(V2(1))+ABSCV2(2)))) GO TO 2000
SI=S
Vi~fl=V2ýi)/S
V12 =V2 2)/S

GO TO 99999
2000 CONTINUE

VI C)0.0

E#9999 CONTINUE3 RETURN
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C DECK WAVMAK
SUBROUTINE WAVMAK

COMMON /CH3D/ ISIGMA.SIGMINSIGMAX,V,SIIIMUCOSMU,WTSI,
2 IMMIN ,IMMAX, IMDEL,LMIN ILMAX

REAL SIGMIN,SICMAX,V.SINM'UCOSMU,WTSI(4)
INTEGER ISIGMA,IMMIN,IMMAXIMDEL,LMIN ,LMAX

COMMON /ENVIOR/ VKNVK,MUNM1J,OMEGA,NOMEGA.SIGMA,NSIGMASIGWH,I
I NSIGWH,TMODAL,IMODNRANG,RANG,RLANG,S,NNMUFRNUMVFS
INTEGER NVK.IMU,NOMEGA,NSIGMA,NSIGWH,NTMOO,NRANG,NNMU(8)
REAL VK(8) ,WU(37 8) ,OHEGA(30) ,SIGMA(IO) SIGWH(4) ,TMODAL(8),

2 RANG(8),RLANG(B),S(30,8),FRNUM(8),VFS(85I

COMMON /GEOM/ X,NSTATN,Y,Z,NOFSET,LPP,BEAMDRAFT.LCF,
1 VCG.GM,DELC.U.NEBLA,KPITCH,KROLL,KYAW,KYAWRL,AWP,VCB.FBDX.FBDY,
2 FBDZ.NFREBL, ýT,YPT,ZPT,NPTS,LCB,GKL,ASTAT,BSTATTITLE,MASS,
2 DISPLM,IPITCii,IROLL.IYAW.IYAWRL,CHEAVE.CPITCH.CHEAPI,CROLL,I
2 AREANX,WSURF,GIRTH,FBDZV DBLWL.TLCB

INTEGER NSTATN,NOFSET(2S5 ,NFREBD,NPTS
CHARACTER*4 TITLEC2O)
REAL X(26),Y(IO,2&),Z(1O,26),FBDZV(8,1O),LPP,BEAM,DBLWLJTLCB,

2 DRAFT LCFVCG GM DELGM' NEBLA,KPITCH KROLL KYAW,KYAWRL,AWP,VCB,I
2 FBDX(1O) FBDY(1OS.FBDZ(1O).XPT(1O),YPT(iOi.ZPT(1O),LCB,GML,
4 ASTAT(2655,BSTAT(26),MASSDISPLM,IPITCH,IROLL,IYAWJ.
6 IYAWRL,CHEAVE,CPITCH,CHEAPI,CROLL,AREAMX,WSURLF,GIRTH(25)

COMMON /INDEX/ PFIDX,LPFIDXRMIDX,LF.MIDX,SVIDX,LSVIDXI
INTEGER LPFIDX LRMIDX LSVIDX
REAL PFIDX(2355.RMIDX(183),SVIDX(3)

COMMON /10J/ SYSFIL,POTFIL.COFFIL,LCOFIL.ICARD.TEXPIL,TPRIN,
2 SCRFIL,HPLFIL,LRAFIL,ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL.
2 SPTFIL,LACFIL,LAEVIL

INTEGER SYSFIL,POTFIL,COFFILLCOFIL.ICARD,TEXFIL,IPR-R.
2 SCRFIL,EPLFIL,LRAFIL,ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,
2 SPTFIL,LACFILLAEFILI
COMMON /PHYSCO/ II,TPI,PI,PIOT,D)EGRAD,RADDEG,VKMETR,METRVK,GRAV,

2 RHD,GNURROSRHOF,GNUS.GNUF,FTMETR,PUNITS,REYSCL
COMPLEX II
CHREAL TPI ,PIIOTDCAADEXETERKGRVROGN*HS
HREALCTERPIPUIOTS(2) ,ADEKETERKRVRON.H

I RHOF ,GNUS, CHUF ,FTMETR

COMMON /RLDBK/ PSUR(2S) ,BMK(25),DK(25),CAK(2S) .HQ.HSPAN,HMNCHD,
2 HA 6, i ArHCPHCHAMHHTHER.LCQ2)RPN2),I

2 REAR(2).RLCS(2),SQ(2),SSPAN(2),SMNCHD(2),SAREA(2),SXCP(2),
2 SYCP(2) SZCP(2) SCAMMA(2).SYHAT(2) SEAR(2) SLCS(2) BQ(2),
2 BSPAN (2),BMNCHD(2),BAREA(2),BXCP(2SBYCP(2S,BZCP(25.BGAMMA(2),
2 BYHAT 2 ) BEAR(2).BLCS(2),FQ(2),FSPAN(2).FMNCHD(2) FAREA(2),I
2 FXCP(2) FYCP(2) FZCP(2),FGA,*¶A(2),FN'HAr(2) FEAR(2ý FLCS(2),
2 rQ(2 ,2)PSPAW(2,2),PMNCHD(2 2),PAREA(2,2) PXCP(2,25.PYCP(2,2).
2 PZCP(2 2) PGAMMA(2,2),PYHAT(2,2),PEAR(2,2S PLCS(2 2),
2 STADMP(IO5,SHPDMP(1O,8),ENCON,WPHI,TPHI,WMELM(4,9i SFELM(4 9 8)
2 REELM(4,9,8) ,PEELM(4,9,8) ,FEELM(4,9,8) ,HEELM(4,9,8S ,BEELM(4,9,8S.
2 ENWM,ENSF(8,8),ENRE(8),ENPE(8).ENFE(8),ENW.E(8),ENBE(8),
2 ENEMV8 (8ý.8ENRL(B).ENPL(8),ENFL(8) ENHL(8),ENSL(8),ENBL(8).
2 ENSHP(8:8).RELM(4,9),ITS(25),RD(255,EDDY(8,25),RGB(25)
REAL RDBLK(2692)1
EQUIVALENCE: CPSUR(1) ,RDBLK(1))

COMMON /SMPSYS/ FIS,AS,SIS,SOS,SDS,HALOS,DEV,PRN,SMPPS,SMPIS,
2 SMPOS,SMPDS,SHPTYPS,SHIPS,VARS,CYCLS,TITLES,OPTION,LSIS.LSOS,

2 LSD)S.LHALOS,LT)EV,LPRN,LSMPPS,LSMPIS,LSMPOS,LSMPDS,LSHPTYPS,

CHARACTER*16O AS
CHARACTER*8O FIS, SI S.SOS, SDS,TITLES
CHARACTER*20 HALOS,DEV,PRN,SMPPS,SMPIS,SMPOS,SMPDSSHPTYPS3
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1 ~CHARACTER SHIPS*S6,VARLS*2 ,CYCLS*2
IITEGER*2 OPTION

COliON /TELEX/ TELEM
COMPLEX TELEM(4,9,10)

COMPLEX T22,T24,T42,T44,T44G(10),CELM(4,9),CT44G,CDUM
REAL IROLLG,'144G3 DATA EPS /0.25/
FIS = SDS(1:LSDS)//'.COF'
OPEN (UIIT=COFFIL.FILE=FIs .FORM: 'UNFORMATTE.D' ,STATUS= 'UNKNOWN')
READ (COFFIL) TELEM
CLOSE CUNIT=COFFIL)

* wavemaking (origin at VCG)
DO 10 IS=1.NSIGMA
JS IS

IF (I EQ. NSIGMA) JS IS - 1
IF (IS .EQ. USIGMA) J 3
T44 = TELEM ( 3,S.6)
T22 = TELEM (3,JS , )
T24 = TELEM(JJS,8)
T42 = T24

* translate to VCGUT44G(IS) =T44 +VCG*(T24 + T42 + VCG*T22)
SHPDMP(IS,1) = AIMAG(T44G(IS))

10 CONTINUE
CALL CPFIT (SIGMA,T44G.CELM,NSIGMA)

* find natural roll frequency
C44 = CP.OLL
IROLLG = MASS*(KROLL*BEAM)**2
144G= IROLLGI PHI =TIW:
DO 20 1=1,10
IT=I
TS = TPHI
CALL CPLVAL (SIGMA,NSIGMACELM,WPHI,CT44G,CDUM,ISIGMA)
A44G =REAL(CT44G)/(-WPHI**2)
144G= IROLLG +A44G
IF (IDONE .EQ. 1) GO TO 30
WPHI =SQRT(C44/I44G)
TPHI = TPI/WPHI
IF (ABS(TPHI-TS) .LT. EPS) IDONE -

20 CONTINUEI30 CONTINUE
CALL TINTS? (WPHI)

CALLSPFT ýIGMA ,SHPDMP,WMELM,NSIGMA)
ENCON = . .*C44)
ENWM = ENCON * REVAL(WMELM(l.ISIGMA).WTSI)

RETURN
END

C DECK WEDEFNI SUBROUTINE WEDEFW (NWEVN,WEVN)

S This routine calculates the evenly-spaced encounteor wave
frequencies over which the response spectra are calculated.

** The number of fre uencies list be eet equal to 100.
W.G.MEYER , DTNSRDmC, 072877

DIMENSION WEVN(NWEVN)3~ K= 0
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DWE r 0.01I
DO 110 1Z1,64
K = K+ I

110 llEVN(K) = 0.05 + (I-~1).DWE
DWE = 0. 02
DO 120 I=1,21U
XK= K+ 1

120 WEVICK) = WEVNCS4)+I*DWE
DWE z 0. 10
DO 130 I=1,10I

13 ENK) = K EVC+)+I1W
DWE z0. 2
DO 140 1=1,10
K=K + II

140 WEVU(K) =WEVN(86)+I*DWE
DWE = 0.4
DO 160 1=1,5
K = K+1

150 WEVN(K) = WEVN(96)+I*DWE
RETURN
END

CDECK VTPELMI
SUBROUTINE WTPELM(ISTATN. PELEM)

w rites out spline elements for 2-d potential and forces
* ~W. R. MCCREIGHT DTNSRDC .IULY.1977

COMMON /ENVIOR/ VK.NVK,MU,NMU,OMEGANOMEGA,SIGMA,NSIGMA,SIGWH,I
1 NSIGWH,TMODAL,NTMODNRANG,AANG,RLANG,S,NNMU,FRNUM,VFS

INTEGER NVK,NMUNOMEGA,NSIGMA,NSIGWH,NTMOD,NRANG NNMU(8)
REAL VK(8),MU 37,8),OMEGA(30),SIGMA(I0) SIGWH(4),TMODAL(8),

2 RANG(8),RLANG ý8), S(30,8),FRNUM(8),VF'S(8S

COMMON /GEOM/ X,NSTATN,Y,Z,NOFSET,LPP,BEAM,DRAFT,LCF,
1 VCG,GM,DELGM,NEBLA.KPITCH,KROLL,KYAW,KYAWRL.AWP.VCB.FBDX.FBDY,
2FBDZ,NFREBD,XPT,YPT,ZPT,NPTS,LCB,GML,ASTAT,BSTATTITLENASS,I

2 DISPLM,IPITCH,IRDLL,IYAW,IYAWRL,CHEAVECPITCH,CHEAPI.CROLL,
2 AREAMX,WSURF,GIRTH ,FBDZV DBLWL,TLCB

INTEGER NSTATN ,NOFSET(25S ,NFRF.BD,NPTS
CHARACTER*4 TITLE(20)
2REAFTLCF.VCG,GM DELGM.NEBLA26,KPITCH8,10RLL KYAW,DAWRL,AWPCB,I
2REAFTLCFVGG X(2),(1025 ,Z(10 A,25),FBD(KROLL KA,BEAMBWRL,TLPCB,

2 FBDX(10) FBDY(10i,FBD2(1O),XPT(I0),YPT(105.ZPT(1O),LCBGML,
4 ASTAT(25S,BSTAT(26),MASS,DISPLM,IPITCH.IROLL,IYAW,
& IYAWRL,CHEAVE.CPITCH.CHEAPI.CRLOLL,AREAMX,WSURFGIRTH(25)3

COMMON /INDEX/ PFIDX,LPFIDX,RMIDX,LRMIDX,SVIDX,LSVIDX
INTEGER LPFIDX LRMIDX,LSVIDX
REAL PFIDX(235S ,RMIDX(183) ,SVIDX(3)

COMO /1/c~T.OFLCFIr)I.CREFLIRN
COMMON IL. / HP VS"I1 *DOTFICOFFI,Lnotr)FIL.ICA ,TEXFIL,R,

2 SPTF'ILLACFIL.LAEFIL
INTFGER SYSFIL,POTFIL.COF'FIL.LCOFIL.ICARDTEXF'IL,IPRIN.

2 SCRFIL.HPLFIL,LRAFIL.ORGFIL,RAOFIL.RMSFIL.SEVFIL,SPDFIL,
2 SPTFILLACFIL,LAEFIL

COMMON /STATE/ LAT,VRT,LOADS,ADDRES,SALT,HEAD.EXROLL,BKEEL
LOGICAL LAT,VRT,LOADS,ADDRES,SALTHEAD,EXROLL.BKEEL

DIMENSION DATA(320)U
COMPLEX PELEM(4,9,40)

IF~ (NOFSET(ISTATN) .LE. 0) RETURN
I?-,MIN= I I
IMMAX=4
IF (.NOT. LAT) IAMAX=3
IMDEL=2
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IF CYRT .AND. LAT) IMDEL=1
ISGMX=NS 1GPM.-1
DO 1 ISIGMA=11 ISGMX
NEXT=l
NNODENIOFSET CISTATI)
DO 2 31.,NNODE
DO 3 IMODE=IMMIN,IMNAX,IMDEL
DO 4 I=1,4
IDX: (IODE-1)*1O+3
DATA (IEXT)=REALCPELEH(I ,ISIGMA,IDX))I ~DATA (NEXT+1)=AI14AG(PE.LEMCI,ISIGMA,IDX))
NEXT=NEXT+2

4 CONTINUE
3 CONTINUEI2 CONTINUE

NDATP=NEXT-1
INDEX-(ISIGMA-1 )*NSTATN+ISTATN

cha~nge for VAX-li version.
CDC CALL WRITMS(POTFIL,DATA ,WDATP ,INDEX)

WRITE (POTFIL,REC=INDEX) DATA

*1 CONTINUE

RETURN
END

C DECK XMSSCU SUBROUTINE XMSSC (IPH,B2,MSLC,NLCH,RMSLC,RMSSC)

DIME~NSION B2(NLCH)

REAL KSLC(24) ,MSSC
MSSC = 0.
Lii = IPH - I
DO 10 IH=1.NLCH
LII = LII + II ~IF (Li .GT. 24) LII z LII - 24
MSSC =MSSC + B2(IH)*MSLC(LH)

10 CONTINUE
KH = IPH + S
IF (KH .GT. 24) KR KH 24

RMSLC =MSLC(KH)

RETURN
END
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FOREWORD

This research was performed within the Training Research
Laboratory by the U.S. Army Research Institute Aviation Research
and Development Activity (ARIARDA), Fort Rucker, Alabama, and was
sponsored by the Standards in Training Commission (STRAC). The
research was conducted in response to two taskings: One from the
U.S. Army Aviation Center (USAAVNC) and one from the Department
of the Army. It was accomplished as an annex to the Memorandum
of Agreement between ARIARDA and the Directorate of Training and
Doctrine, dated 15 March 1984.

Over the past two decades, the Army has made a significant
investment in rotary-wing aviator training with the development
and acquisition of motion-based visual flight simulators. One
example of this type of simulator is the AH-64A Combat Mission
Simulator (CMS). With the high expense of aircraft operations
and the decreased availability of live munitions, AH-64A gunnery
training in the CMS has been viewed as a safe, cost-effective
alternative to aircraft training.

High-fidelity flight and weapons simulators have been
deployed to support aircrew training in operational aviation
units. However, little empirical data exist to document the
training effectiveness of the simulators. To support the Army
deployment of the CMS, a research approach was designed to
generate empirical data on the effectiveness of the AH-64A CMS
for sustaining gunnery skills. The research was designed to tesv
the effectiveness of simulator gunnery training in live-fire
gunnery exercises. This document reports the results of that
research.

This report will serve as a source of information about the
training effectiveness and capabilities of the AH-64A CMS.
Results were briefed to representatives of STRAC in December 1990
and USAAVNC in January 1991. Other briefings to operational
personnel were conducted from January through March 1991. The
information in this report was used to rewrite the Gunnery Manual
TC 1-140 and will be effective for developing simulator training
strategies for aerial gunnery.

EDGAR M. JOHNSON
Technical Director

v



ACKNOWLEDGMENTS

The author wishes to exprsss appreciation to a number of
persons for their contributions to this research.

Several individuals from ARIARDA contributed to this
project. Charles A. Gainer, Chief, ARIARDA, Fort Rucker, Ala-
bama, served as the Contracting officer's Technical Represen-
tative. Dennis Wightman (Technical Team Leader, SimulaL.i',n
Research Program) and Captain Dale Weiler (Research and Develop-
ment Coordinator) provided administrative assistance. Joan
Blackwell (Research Psychologist) provided advice and partici-
pated in the initial research effort of the project. Larry
Murdock (Data Processing Manager) was responsible for running the
initial statistical analyses.

Members of the Anacapa Sciences, Inc., staff also contrib-
uted to this project. Most notably, Catherine R. Kjellsen (Avi-
ation Research Technician) was invaluable in the on-site data
collection effort. D. Michael McAnulty consulted on the design,
analyses, and presentation of the data.

The leadership and support of Colonel Thomas J. Konitzer
(Commander, 6th Cavalry Brigade, Air Combat), made this research
project possible. Although they cannot all be acknowledged
individually, the author thanks the other unit commanders, opera-
tions officers, instructor pilots, and aviators who provided the
leadership, coordination, instruction, and participation neces-
sary to complete the research.

vi



TRAINING EFFECTIVENESS OF THE AH-64A COMBAT MISSION SIMULATOR FOR

SUSTAINING GUNNERY SKILLS

EXECUTIVE SUMMARY

This report describes the methods and results of an experi-
ment designed to measure the effectiveness of the AH-64A Combat
Mission Simulator (CMS) for sustaining gunnery skills in Army
aviators. The research was conducted by the U.S. Army Research
Institute Aviation Research and Development Activity.

Requirement:

The Army has made a significant investment in the develop-
ment and acquisition of motion-based, visual flight and weapons
simulators for training rotary-wing aviators. Most of the simu-
lators have been deployed to operational units to help reduce the
training cost of sustaining flight and gunnery skills in profi-
cient aviators. However, the effectiveness of flight simulators
in augmenting unit gunnery training has not been demonstrated.
Empirical data are required to demonstrate that flight simulators
are effective in sustaining gunnery skills and to determine the
extent that simulator training can be used to conserve resources
such as aircraft flight time and live ammunition.

The research objectives of this experiment were (a) to
determine the effectiveness of the CMS for sustaining crew gun-
nery skills and (b) to provide information on the optimum combi-
nation of aircraft and CMS training for sustaining those skills.

Procedure:

An operational cavalry unit participated in a forward
transfer-of-training experiment designed to meet the research
objectives. An initial evaluation of AH-64A crew gunnery per-
formance was conducted both during a live-fire exercise and
during a CMS test scenario. Subsequently, crews were assigned to
one of two groups. The simulator group crews continued normal
unit training and received scenario-based CMS gunnery training
but were restricted from live-fire training. The control group
crews received the normal unit training but were restricted from
CMS gunnery training. The training phase of the research, origi-
nally scheduled for a year, was shorted to 6 months to meet proj-
ect schedules and to minimize crew attrition. Crew gunnery per-
formance was measured again during a final live-fire exercise and
in the CMS.
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Findings:

Analysis of the initial and final performance tests in the
CMS showed that after five gunnery training sessions in the CMS
performance was consistently but not significantly improved in
the experimental group. However, the skill improvement did not
transfer to the live-fire range. The simulator group's
performance was not significantly better than the control group
crew's performance during the final live-fire exercise. In
addition, neither group showed any indication of gunnery skill
decay over the course of the experiment. Because the results did
not demonstrate the effectiveness of the CMS for sustaining
gunnery skills over 6 months, no conclusion can be drawn about
the optimum combination of CMS and aircraft training.

Utilization of Findings:

The costs of AH-64A gunnery training resources (e.g., flight
and range time, ammunition) have increased the Army's dependence
on flight simulators for training that was previously
accomplished in the aircraft. However, the Army has not had
empirical data about the training effectiveness of the CMS for
sustaining gunnery skills to determine the optimal utilization of
the flight simulator. Although the data are limited by the
relatively short experimental period, two recommendations are
presented on the basis of the research. First, if aircraft hours
and other forms of gunnery training continue at the levels
observed in this research, CMS gunnery training may be required
only on a semiannual or quarterly basis. If the support for
aircraft hours and other gunnery training is reduced, gunnery
skills may decay in less than 6 months and additional CMS
training will be required to maintain gunnery skills. Second,
further research is required to investigate gunnery skill decay
in proficient aviators over a 12- to 18-month period.
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TRAINING EFFECTIVENESS OF THE AH-64A COMBAT MISSION SIMULATOR
FOR SUSTAINING GUNNERY SKIILS

introduction

During the past two decades, the U.S. Army has committed
hundreds of millions of dollars to the development and
acquisition of motion-based visual flight simulators to
augment helicopter pilot training. The simulator cockpits
are constructed from the same components used to build the
aircraft and consequently produce high-fidelity simulations
of the controls and displays in the aircraft. The hardware
environments are supported with powerful mainframe computer
systems capable of generating and displaying the results of
aircraft, aerodynamic, meteorological, geographic, tactical,
and weapons modeling.

Flight simulators are a means of obtaining operational
readiness at an acceptable cost. Relatively inexpensive
simulator training is used as a cost-effective alternative to
more expensive aircraft training. In fact, the primary
justification for the Army's Synthetic Flight Training System
(SFTS) has been the economy of simulator-for-aircraft
subsritution (see Hopkins, 1979).

There are :' least two other benefits of simulator-based
training. One is increased safety. A large number of
emergency procedures that are inherently dangerous in the
aircraft can be practiced in the simulator (e.g., engine or
tail-rotor failures). Aviator proficiency in these
procedures translates into saved lives and equipment. Day-to-
day aircraft operations are not likely to provide the practice
in these maneuvers that simulators can.

The second major benefit of simulators is that scenarios
can be created that model the danger and complexity of the
modern battlefield. A realistic force-on-force training
scenario is difficult (or impossible) to accomplish in the
aircraft during peacetime. By necessity, training at Army
gunnery ranges arrays a maximum of firepower against only the
semblance of a threat and consists of regimented procedures
designed to maximize the safety of the participants and the
surrounding community. In contrast, Army tacticians foresee
the modern battlefield as dynamic and dangerous. With an
interactive threat, unlimited ammunition, and unrestricted
firing opportunities, flight simulators can potentially train
Army aviators to fight and survive in a realistic wartime
environment.



The Army has acquired 39 high fidelity flight Fimulators
to support aviator training for the AH-1 Cobra, UH-60 Black
Hawk, CH-47 Chinook, and AH-64 Apache aircraft. The
majority, including 7 AH-I Flight and Weapons Simulators
(AHIFWSs), 15 UH-60 Flight Simulators (UH60FSs), 5 CH-47
Flight Simulators (CH47FSs), and 5 AH-64A Combat Mission
Simulators (CMSs), have been delivered to operational
aviation units for unit training. The remainder, consisting
of 2 AHIFWSs, 2 UH60FSs, 1 CH47FS, and 1 CMS, are used for
institutional training at the U.S. Army Aviation Center
(G:AAVNC).

With the acquisition of these resources, the Army has
com.itted simulators to accomplish two different types of
training: institutional and unit. Institutional training
refers to the initial flight and weapon systems training
given to Army aviators. Unit training refers to the training
aiven to Army aviators after they have completed
institutiona training and have been assigned to an
operational unit. The primary goal of institutional training
is the acquisition of individual skills. In contrast, the
primary goal of unit training is the acquisition of crew and
team skills and the sustainment of all skills (i.e.,
individual, crew, and team).

With the acquisition of the simulators, the Army
'n.tiated research to address questions about the
effectiveness of the rotary wing simulators and about the
tasks that can be trained in the simulators. Previous
research had demonstrated the value of simulators for the
acquisition of basic flight and procedural skills ir fixed
wina aircraft (see Jacobs, Prin-c_, Hays, & Salas, 1990, and
Valverde, 1973, for reviews). However, the number of
exceriments conducted on rotary wing simulators was small by
comoarison (Holman, 1979; Bridgers, Bickley, & Maxwell, 1960;
Luckey, Bickley, Maxwell, & Cirone, 1982). Unfortunately,
the experiments that demonstrated the effectiveness of
existing simulators had not also identified the
characteristics of the simulators that mediate the effective
transfer of skills (Orlansky & String, 1977). Without a
clear understanding of the mechanisms of successful skill
acquisition in fixed wing simulators, the Army could not
assume that the fixed wing results would generalize to rotary
wins simulators.

Another theoretical and practical question of concern to
the Army is whether skills that can be acquired in the
simulator can also be sustained in the simulator. The
effectiveness of simulators has not been as thoroughly
researched for skill sustainment as for skill acquisition.
I-. the study of skill sustainment, the proficient aviator car
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be assumed to have learned the environmental stimuli that
determine the appropriate actions and reactions in the
aircraft. However, once skills are refined in the aircraft,
the simulator may not provide the necessary stimuli to
maintain the skill. Thus, without specific knowledge about
the mechanisms of successful transfer-of-training, questions
of the effectiveness of a particular simulator for the
acquisition or sustainment of skills must be answered
empirically.

Bakgrouxd

The research described in this report was initiated as a
result of three administrative events, which are described in
-he following three sections.

Fliaht simulation plan audits. Almost all the resources
expended by the Army on the SFTS program have been for the
development and acquisition of the simulators. The resources
devoted to research on how to use the simulators effectively
have been small by comparison. Thus, the specific effects
that flight simulators are capable of accomplishing in Army
aviator training have not been empirically determined.

In two audits of the SFTS, first in 1981 and again in
1984, the Army Audit Agency (AAA) recognized the lack of
research documenting the effectiveness of simulators for
sustaining helicopter flight and gunnery skills. The AAA
reports (U.S. Army Audit Agency, 1982, 1985) stated that,
although flight simulators had reduced the training costs and
improved training at the USAAVNC, the Army had not determined
the effects that flight simulators have on unit training.
Specifically, both reports admonished the Army for the
operational tests conducted on the SFTS and concluded that
the Army had not adequately quantified the return on its
investment in flight simulators procured for unit training.

D. In 1986, the Department of the Army (DA)
tasked the Army Research Institute Aviation Research and
Development Activity (ARIARDA), through the Training and
Doctrine Command (TRADOC), to plan and initiate postfielding
training effectiveness analyses (TEAs) of each of the Army's
flight simulator systems. The TEAs were intended to
investigate the utilization and training effectiveness of
Army flight simulator systems in operational field units and
to provide a basis for developing effective unit training
strategies. In responF- to the tasking, ARIARDA developed a
research plan comprising a series of related research
projects (U.S. Army Re,, arch Institute Aviation Research and
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Development Activity, 1986; Cross & Gainer, 1987). Each
project was designed to investigate the effectiveness of a
flight simulator system for training a set of specific tasks
(e.g., contact and emergency flight tasks, weapons tasks) in

an operational environment. Four of the projects have
subsequently been completed with the AHl'WS (Kaempf, Cross, &
Blackwell, 1989; Kaempf & Blackwell,1990; McAnulty & Kaempf,
1991).

Gunnery manual revisions. Concurrent 4ith the DA
tasking, the Department of Tactics and Simulation (DOTS;
formerly the Department of Gunnery and Flight Systems)
proposed revisions to the helicopter gunnery training manual
(FM 1-140; Deoartment of the Army, 1986). FM 1-140 defines
the training requirements and performance standards for the
Army's aerial gunnery training program. In response to
increasing pressure to reduce the requirements for training
ammunition, DOTS proposed significant changes to the crew
gunnery training requirements and standards for the AH-64A
aircraft in the coordinating draft of the revised helicopter
gunnery manual (TC 1-140; USAAVNC, 1988). For example, DOTS
proposed to conduct. all AH-64A crew gunnery training arnd
qualification in the CMS. No ammunition was provided for
crew training and qualification; ammunition was provided only
for ttainirng attack helicopter teams and conducting combined
arms live-fire and joint air attack team (JAAT) exercises.
While considering the substitution of simulator gunnery
training for live-fire gunnery training, DOTS personnel
identified a need for inforraition on the effectiveness of the
CMS for gunnery training.

Twenty-two months later, DOTS released the approved
draft of the helicopter gunnery manual (TC 1-140; USAAVNC,
1990). In this version of TC 1-140, the proposal that all
AH-64A crew gunnery be conducted in the CMS was dropped and
the available training ammunition was redistributed among the
gunnery tables, this time with more for the crew tables and
less for the team tables. The document continued to predict
thac "reductions in service arr.munition for training are
inevitable" and suggested t' unit commanders use the CMS
and AH-1 simulator to "heli zircrews maintain their
proficiency between live-fire exercises and reduce the need
to uze live ammunition for certain tasks" (p. B-i).

CMS Effectiveness for Sustaining Gunneg_ Sjkill

Operational unit commanders are faced with increasing
pressure to reduce training ammunition requirements and use
the most efficient and effective mix of simulator and
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aircraft training. There is little empirical data to
demonstrate the effectiveness of flight simulators in
augmenting unit gunnery training. Empirical data are
required to demonstrate that flight simulators can
effectively train gunnery skills and to determine the extent
that training conducted in simulators can be used to conserve
training resources such as aircraft flight time and live
ammunition.

This report describes research on the training
effectiveness of the AH-64A CMS for sustaining gunnery
skills. It is one of a group of projects planned by ARIARDA
in response to the DA tasking for TEAs on each of the Army's
simulators. In addition, ARIARDA agreed to focus the initial
TEAs on the effectiveness of the CMS for training and
sustaining crew gunnery skills at the request of the Army
Standards in Training Commission (STRAC) and DOTS.
Therefore, the research was designed to meet two major
objectives:

a determine the effectiveness of the CMS for the
sustainment of crew gunnery skills, and

- provide data to establish an optimum combination of
aircraft and flight simulator training for the
sustainment of crew gunnery skills.

In addition to the objectives described above, STRAC and
DOTS requested an evaluation of the ammunition requirements
and gunnery standards for AH-64A crew qualification published
in th'- revised helicopter gunnery manual. The research
addressing these issues is published in a separate report
(Hamilton, 1991) .

Design Considerations

The value of any training experience depends upon how
effectively training transfers to the operational task. In
the case of flight simulators, the amount of aircraft
training that can be conserved as a function of simulator
training is a direct measure of the training effectiveness of
the simulator. The transfer of skills, facts, and attitudes
can be positive or negative. Positive transfer occurs when
learning simulator skills facilitates the acquisition of
aircraft skills. Negative transfer occurs when learning
simulator skills interferes with the acquisition of aircraft
skills.

The methods for quantifying The transfer of training and
training effectiveness of aircraft simulators are well
developed and quantitative (Roscoe & Williges, 1980; Roscoe,
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1971), especially for skill acquisition. Basically, the
method uses a simple ratio to quantify the value of training
time in the simulator in terms of the aircraft time saved.
At a minimum, some measurable difference must exist between
the performance of the experimental and control groups to
demonstrate training effectiveness. If the information
obtained from training research is sufficiently detailed, the
ratio can be calculated for incremental amounts of time in
the simulator to describe an entire function called the
incremental transfer effectiveness function. The function is
described as being negatively decelerated, meaning that the
effectiveness of any training experience decreases with
exposure to that experience. The hypothetical shape of the
function is demonstrated by the curve labeled "training
effectiveness" in Figure 2.

The design of research that demonstrates skill
sustainment is different from research that demonstrates
skill acquisition. The differences are illustrated by the
learning curve labeled "skill" in Figure 1, which
demonstrates how skills are typically acquired. Initially,
with no skill level present, training is highly effective in
increasing skill levels. As skill is acquired, increasing
amounts of training produce less skill acquisition and, at
some point, becomes skill sustainment. Research to quantify
skill acquisition assumes that both the experimental and
control groups are on the initial, accelerating part cf the
curve with low skill levels and that training effectiveness
can be demonstrated as soon as the simulator is effective in
transferring skills to the experimental group.

S1 .50 - 100

d 1.25> 80

S1.00
S100 Skill

V 60
4 0.75

S0.50 •.-.~-Training 40 -
o Effectiveness
4-4

S0.25 20

0 2 4 6 8 10 12 14 16 18 20
Training Sessions

Figure 1. Hypothetical relationships between the
acquisition of skill and training effectiveness.

6



In contrast, research to quantify skill sustainment
assumes that both the experimental and control groups are on
the asymptotic part of the curve. Training effectiveness is
difficult to demonstrate by transferring skills to the
experimental group when both groups already have high levels
of skill, simply because very little further learning can
occur. If skills are sufficiently well developed before the
initiation of the research, the only way to bring about the
difference in performance needed to demonstrate training
effectiveness is to allow the control group's skills to
decay. If the simulator is effective in maintaining the
experimental group skills while the control group skills
decay, then training effectiveness is demonstrated. If the
simulator is not effective in sustaining the experimental
group skills, they will decay along with the control group.

Thus, the question of how long it takes for AH-64A
gunnery skills to decay is critical to the design of this
research project. Ruffner and Bickley (1983) and Ruffner,
Wick, and Bickley (1984) studied the decay of procedural and
psychomotor flight skills in active duty and reserve Army
aviators. Ruffner et al. stated that skill decay may have a
critical period between 6 and 12 months. Before this period,
little proficiency loss is expected; after the period,
operationally important loss occurs, followed by a very long
period where additional loss is relatively small.

initial Research Effort

The research described in this report was preceded by an
unsuccessful attempt to conduct a CMS TEA project. The
initial research design proposed that AH-64A crew gunnery
skills be measured during a pretest live-fire gunnery
exercise. Subsequently, each crew would be assigned to one
of three different training groups: a control group and two
experimental groups. All groups would receive the normal
program of instruction for the unit. One experimental group
would receive CMS gunnery training; the other group would
receive dry-fire gunnery training in the aircraft; and the
control group would be restricted from gunnery training in
either the CMS or in the aircraft. The gunnery training
would be controlled in each group for 1 year. At that time,
crew caunnery skills would again be evaluated during a
posttest live-fire exercise. The effectiveness of the CMS
would be evaluated by comparing the differential performance
of the three groups between the pretest and posttest
exercises.
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"The research was begun as described above when live-fire
performance data were collected on 15 crews. The Army unit
participating in the research was unable to assign other
crews to the project because of anticipated personnel
turnover. Consequently, live-fire data were collected 3
months later for an additional 12 crews. By that time, 4 of
the original crews were unable to participate in the research
because at least one of the crewmembers was assigned to
another unit. At the initiation of the training phase of the
research, there were 9 crews in the control group, 8 crews in
the aircraft training group, and 6 crews in the simulator
training group.

Within 1 month, crew attrition was so high that the
research design was reevaluated. Several factors contributed
to the attrition of crews. A major storm damaged many of the
operational aircraft at the participating installation.
Because of the lack of aircraft, some aviators were
transferred to other units or types of aircraft. In
addition, some crewmembers were transferred to another unit
because of a high priority training mission. Finally, crew
attrition was exacerbated because the loss of either
crewmember constituted the loss of the entire crew. The
possibility of conducting the research over the course of an
entire year was eventually precluded by the attrition of
participating crews. Therefore, an alternative research plan
was developed and the current research effort was initiated.

Method

General Procedures

The revised research plan was divided into three phases
(see Figure 2). During Phase 1, an initial evaluation of

AH-64A crew gunnery performance was conducted during a live-
fire exercise and during a CMS test scenario. During the
live-fire exercise, the crew fired a set of crew gunnery
engagements developed by the participating unit and referred
to as Table VIII. During the CMS test, the crews fired
against targets designated in a mission scenario developed by
the researchers and the unit standardization instructor
pilots (SIPs). The primary measures of gunnery performance
collected during the live-fire exercises and the CMS test
scenario were target effect and engagement time. In
addition, the participating aviators completed a demographic
survey describing their skill and training at the initiation
of the research.
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Figure 2. Flow chart of principal phases in the experimental
design.

In Phase 2, crews were assigned to one of two groups:

an experimental group that received scenario-based gunnery
training in the CMS and a control group that was restricted
from gunnery training in the CMS. The training phase of the
research was shortened to only 6 months to achieve projectschedules and to minimize crew attrition. The frequency of
other non-CMS gunnery training activities was also recorded
during this period.

In Phase 3, crew gunnery performance was measured during
a final live-fire exercise and in the CMS. The effectiveniess
of the CMS was evaluated by measuring the differential
performance of the training groups between the pretest and
posttest in the CMS and during the live-fire exercises.



Two flight systems (the AH-64A aircraft and the AH-64A
CMS) and a scoring system were used during this research.
Each of these systems is described in the following sections.

AH-64A aircraft. The AH-64A (see Figure 3) is a twin
engine, four-bladed helicopter with a maximum gross weight of
17,650 pounds and an approximate height, width, and length
(excluding the rotor system) of 15 ft, 17 ft, and 49 ft,
respectively. The two crewmembers, a pilot (PLT) and a
copilot/gunner (CPG), are seated in tandem with the PLT
behind and above the CPG. The AH-64A is a weapons platform
equipped with point target (Hellfire missile), area weapon
(30 mm chain gun), and aerial rocket (2.75-inch folding-fin
type) systems. The helicopter is equipped with a laser range
finder/designator (LRF/D), a pilot night vision system
(PNVS), and a CPG target acquisition and designation system
(-ADS) that allow the crew to operate the helicopter at night
and under adverse weather conditions. The AH-64A can acquire
and fire on targets in a large number of different operating
modes. Additionally, an on-board video recorder subsystem
(VRS) can record the imagery and symbology being displayed by
either the PNVS or TADS. The operation of the aircraft is
described in the Operator's Manual for the AH-6qA Helicopter
(Department of the Army, 1984).

Figure 3. Diagram of the AH-64A aircraft.



AH-6ACMS. The evaluation of the gunnery training
effectiveness of the AH-64A CMS was the primary focus of this
research. The AH-64A CMS is a flight and weapons simulator
designed for training aviators in the use of the AH-64A
Apache helicopter. The CMS consists of two flight simulator
compartments (PLT and CPG), each having a six-degree-of-
freedom motion base. Each compartment simulates the
helicopter environment using a multichannel digital image
generator, three pairs of loudspeakers, a subwoofer, and a
seat vibrator. The simulator is operated in an integrated
mode for crew training or in an independent model for
individual training. Additionally, each compartment has an
instructor/operator (I/O) station and an observer station.
The operation and capabilities of the CMS are fully described
in the Operator's Manual for the AH-64A (Apache) Combat
Mission Simulator (Department of the Army, 1988).

Area Weapons Scoring System. The Army has sponsored the
development of a scoring system for attack helicopter live-
fire trainina and evaluation designated the Area Weapons
Scoring System (AWSS) . The AWSS was used during the initial
and final live-fire exercises for objective scoring of AH-64A
gunnery performance. Although the Army plans to acquire a
number of the systems, the AWSS used in this research was the
proof-of-principle system installed on the Dalton-Henson
Multipurpose Range Complex at Fort Hood, Texas.

The AWSS consists of the Ballistic Scoring Subsystem
(BSS) for 30 mm projectiles, the Detonation Scoring Subsystem
(DSS) for rockets, and the Computer Scoring Subsystem (CSS)
for score calculation, display, and hard-copy production.
The BSS (see Figure 4) uses special purpose, Doppler radar
sensors to detect the rounds that penetrate a 15 m radius fan
in front of each target. The 30 mm rounds that penetrate the
Doppler fan are counted as hits; those outside the fan are
counted as misses. No information about the exact location
of the hits or misses is provided by the BSS, but AWSS
personnel could detect when the target was struck by a burst.

The DSS (see Figure 5) is an acoustical system that
determines the geographic location of rocket impacts. It
consists of 10 microphone sensors placed within 1000 m of the
target. During a rocket engagement, each sensor transmits
the acoustical signal that it receives to the CSS. Using the
known position of the sensors and the physics of sound
propagation, the CSS analyzes the signals from several
sensors to compute the impact point, cross range miss
distance, and down ranae miss distance for each rocket. The
system reliably determines the location of rocket impacts up
to approximately 350 m from the target. Rockets falling
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beyond the range of 350 m are not detected or have a large
location errors.

The proof-of-principle AWSS had three notable
limitations associated with the DSS. First, at the
initiation of the project, the system was not reliably
scoring Multi-Purpose Submunition (MPSM) rocket engagements.
M?SM rockets were not used during the live-fire exercises.
C-cond, the system was not reliably scoring multiple rocket
engagements. Third, the acoustically based DSS was
susceptible to interference from any other loud events such
as the 30 mm gun firing. Because of these limitations, the
four rockets that made up each engagement were fired
individually with approximately 30 to 60 seconds between
launches, and no engagements were fired simultaneously.

!.'a- e r ia -

Dao . Two types of data forms were developed and
used to collect information from participating aviators: an
AH-64 CMS Gunnery Research Program Demographic Survey and a
Postflight Debriefing form. The AH-64 Demographic Survey
(see Appendix A) was designed to collect personal, training,
flight, and gunnery range experience that was used to
characterize the experience of the aviators who participated
in the research. As noted in the general procedures, the
survey was completed by all aviators during the initial live-
fire exercises.

The Postflight Debriefing form (see Appendix B) was
designed to collect information about the specific gunnery
tasks performed during the training phase of the research.
Each aviator was instructed to compleLe the form after each
flight in the AH-64A aircraft, the CMS, or Cockpit, Weapons,
and Em~ergency Procedures Trainer (CWEPT).

Live-fire crew gunnery table. The unit crew
qualification table used in the experiment was designed for
the Dalton-Henson Multipurpose Range Complex (see Table 1).
The table contains 2 calibration and 18 normal engagements
employing all three AH-64A weapon systems. It was used for
both day and night training. The engagements were fired from
seven firing points toward 13 targets (see Figure 6). The
distance from the firing points to the targets ranged from
975 m to 2575 m for the 30 mm gun, from 3450 m to 4500 m for
the rockets, and from 2100 m to 4620 m for the missiles. All
engagements were fired from a stationary hover with the
exception of the two 30 mm engagements that were fired from a
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Table 1

initial and Final Live-Fire Gunnery Table

Firing Weapon Target Target
Point System Number Distance Rounds

la 30 mm 1-7A,B 975 20
Rockets R3 3700 4

1 30 mm l-7A,B 975 20
Rockets R3 3700 4
Hellfire R4 3835 1

2 30 mm 9A 1066 20
Rockets R2 3450 4
Hellfire R2 3450 2

3 30 mm 1-SA, B 1700 20
Rockets R3 4500 4
Hellfire P2 4350 L

4 30 mm 8A 1645 20
Rockets P2 4400 4
Hel!fire R3 4620 1

5 30 mm 8B 1400 20

6 30 ,m 9B 1100 20

7 Hellfire 43 3775 1
Pellfire 32 2350 1
Hellfire 31 2100 1

30 mm 34 2575 20

INote. The 30 mm engagements employed target practice (TP)
rounds and the rocket engagements employed target practice
point detonating (TP/PD) warheads with Mark 66 motors; the
Hellfire engagements were simulated.
acalibration

moving hover at firing points 5 and 6. The arrows in Fioure
6 indicate the direction of movement of the targets and
aircraft, if any occurred.

CMS scenario. A single gunnery scenario was developed
to test and train crew gunnery performance in the simulato.i
The I/O situation and target handover sheet used to implement
the scenario are presented in Appendix C. The scenario
exercised all weapons systems (30 mrr, rockets, and missiles),
target modes (moving and stationary), and aircraft modes
(stationary and moving hover) at a variety of target range.s.
The scenario contains engagements similar to those in
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Figure 6. Configuration of the firing points and
targets at the Dalton-Henson Multipurpose Range
Complex, Fort Hood, Texas,

Table 1, but 30 mm target distances are greater than in Table
1 because engagements shorter than 2000 m are difficult to
create in the simulator. Additionally, the missile
engagement dist-.Aces in the simulator are longer than in
Table 1 because engagements longer than 5000 m are difficult
to create on the live-fire range.

The tactical scenario was conducted with a temperature
of 15', a visibility of 7600 m , a ceiling of 3000 ft, a wind
of 5 kt-s at 30C0 , and a barometric pressure of 29.92 in. The
CMS threat lethality was set to 5 with hostility interrupt
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on. The visual mode (VM) and scene illumination (SI) were
changed to simulate day and night (Day: VM = 2, SI = 5;
Night: VM = 1, SI = 11).

Personnel

The three types of personnel participating in this
research (AH-64A aviators, CMS I/Os, and range scoring
personnel) are described in the following sections.

AH-64A aviators. Initially, 30 qualified and current
AH-64A crews (60 aviators) were selected to serve as subjects
for the study. All crews from three squadrons of an
operational cavalry brigade who were scheduled to remain in
the unit for at least 6 months were selected to participate.
Because Army policy restricts females from gunship
operations, all aviators were male. The experimenter, with
the assistance of brigade and squadron SIPs, formed two
matched groups on the basis of qualitative estimates of
aviator experience and skill. Fifteen crews were assigned to
the experimental (simulator) group and fifteen crews were
assigned to the control (no simulator) group.

Before U.S. troop deployment to the Persian Gulf, crew
attrition was minimal (3 crews) and unrelated to crew
performance (i.e., permanent change of station, medical
grounding). An additional 9 crews were lost to operational
units ot the Central Command before the final performance
tests. Fortunately, crew loss was equal between the groups.
At the conclusion of the research, 18 crews participated in
the final live-fire exercises, 9 in each group. After
completing the day run, however, one crew in the control
group was unable to complete the night run or CMS test
because of an off-duty injury to one crewmember.

During the initial live-fire exercises, demographic and
flight experience information was obtained from the
participating aviators using t'e AH-64 CMS Gunnery Research
Program Demographic Survey ':--e Appendix A). The demographic
data obtained from the sur• . indicate a range of experience
that is typical of AH-64 operational units. Namely, the
units consist of aviators with two distinctly different
backgrounds: those with previous career experience in other
helicopters (predominantly the AH-1) and those who proceeded
from initial entry rotary wing training to the AH-64 Aviator
Qualification Course (AQC) . Analysis of the demographic data
for the aviators who completed the research indicate that the
training groups were similar when the research began (see
Table 2). The ditferences that were found between the
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Table 2

Aviator Demographic Data at the Initial Live-Fire Exercise

Pilot Gunner

Measure Quantity Control Simulator Control Simulator
(n = 9) (n = 9) (n = 9) (n = 9)

Age (years) median 30 31 30 26
range (23-40) (25-47) (26-34) (22-40)

Months of 118 120 78 80
Active Duty (20-213) (37-267) (46-153) (18-216)

Months 27 30 18 6
Since AQC (3-34) (9-60) (5-30) (2-22)

AH-64A 541 434 288 218
Flight Hours (229-622) (148-788) (149-638) (149-518)

Total 1230 1168 761 416
Flight Hours (386-4360) (313-5940) (382-2011) (314-1727)

Readiness mean 1.2 1.2 1.1 1.8
Level SD (0.44) (0.67) (0.33) (0.83)

Range 3.1 2.8 1.4 0.7
Experience (1.90) (1.79) (1.24) (1.41)

Note. AQC = AH-64A Aviator Qualification Course. Readiness
Level (RL) progresses from RL3 (new assignment to unit) to
RLI.

simulator and control groups are small, especially when
compared to the differences between the- crew seat position.
However, the AH-64A flight hours, readiness levels, and
previous Dalton-Henson range experience indicate that the
simulator group was somewhat less experienced than the
control group.

CMinstruc.or. The gunnery instruction and console
operation for crew testing and training in the CMS was
conducted by seven civilian Flight Simulator Facility AH-64A
CMS Instructor Pilots (IPs). All seven were retired Army IPs
arnd were highly experienced in the CMS operation and
instruction. The I/Os were briefed on the purpose, design,
and procedures of the research project and participated in
designing the tactical CMS gunnery scenario.

Scoring personnel. Target effect measures of gunnery
performance were obtained during the live-fire exercises by
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nine individuals: four AWSS operators, three squadron SIPs,
and two researchers. Two civilian contract personnel
operated the AWSS during the day exercises and another two
during the night exercises; on each shift, one scorer
operated the BSS and one operated the DSS. The missile
target effect performance was evaluated by each squadron's
SIP. The researchers monitored the range activities,
collected the performance information from the BSS and DSS
operators, and entered the data into the project computer,
one during the day exercises and the other during the night
exercises. The researchers obtained engagement time measures
for the live-fire exercises and the CMS tests from the VRS
videotapes. They also obtained target effect measures for
the CMS tests from computer-generated printouts.

Detailed Procedulres

Live-fire exercises. The initial and final live-fire
exercises were ccnducted at the Dalton-Henson Multipurpose
Range Complex at Fort Hood, Texas. The initial live-fire
exercises were conducted at two different times. Two
squadrons from the participating unit completed the initial
exercises over a 9-day period. The last squadron completed
the initial exercises over a 5-day period approximately 2
months later. All squadrons completed the final live-fire
exercises over a 15-day period 6 months after the first
initial live-fire exercise. During both the initial and the
final live-fire exercises, only one squadron occupied the
range at a time. The experimental protocol for the live-fire
exercises was similar for the initial and final exercises.

The gunnery exercises were controlled from the range
operating tower. Each squadron provided one range safety
officer and one communications (COM) officer. The range
operations office provided one civilian to operate the
automated range. All targets were raised and lowered under
the computer control of the range operator in the tower.

Each squadron established a forward arming and refueling
point (FARP) within one mile of firing point 1. For the
entire period that the squadron occupied the range, unit
personnel manned the bivouac for rearming, refueling,
maintaining, and staging aircraft. Aircraft began and ended
each run at the FARP. Each crew contacted the tower COM
officer when they were ready to start a run. When the range
was clear of preceding aircraft, the aircraft were cleared by
the COM officer to move from the FARP to the first firing
point.
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Typically, a crew arrived on the range at firing point 1
and proceeded through firing point 7 in sequential order. If
equipment malfunction or other problems occurred, the crews
were instructed to return to the FARP to obtain aircraft
maintenance or replacements. Subsequently, the crews
returned to the range to complete all engagements.
Performance of all the gunnery tasks in Table 1 and,
consequently, progress through all seven firing points was
referred to as a run. Each crew completed one run under day
conditions and one run under night conditions. During the
initial exercises, crews were allowed to complete multiple
runs to pass unit standards for gunnery performance.
Shortages of range time and ammunition during the final
exercises limited each crew to a single day and a single
night run.

All aircrews followed standard out-front boresight
procedures before firing the aircraft laser or weapons. Upon
arriving at each firing point, the COM officer acknowledged
the aircraft's arrival at the firing position, cleared the
crew to arm the weapon systems, instructed the crew to
activate the VRS, and randomly selected one of the target
engagements defined for that firing point. For each
engagement, the COM officer performed the following
activities:

* requested that the range operator raise the target;
* requested that the aircraft establish the minimum safe

altitude of 50 ft above ground level (AGL); and
* delivered a standard target handover including

bearing, description, mode (stationary or moving), and
weapon.

After receiving the target handover, the crew performed the
following activities:

• established an altitude of 50 ft AGL,
* acknowledged the target handover,
* positioned switches for the engagement,
* unmasked the aircraft,
* acquired the target,
* delivered the ordinance,
• masked the aircraft, and
* called "weapons clear" to the COM officer.

When the crew called weapons clear, the COM officer
instructed the crew to deactivate the VRS and to place the
weapon systems in the safe mode; he then cleared the crew to
proceed to the next firing position.

During the initial and final live-fire exercises, each
crew was allowed to choose the weapon mode used to engage
each target. However, the crews consistently used the same
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mode, which probably represented the consensus on the optimal
weapon system mode for each engagement. The 30 mm
engagements were conducted by the CPG using the TADS and
LRF/.D. Rocket engagements were conducted in the cooperative
mode: The CPG tracked the target with the LRF/D and TADS and
the PLT maneuvered the aircraft to align the rocket symbology
and fire the weapon. Missile engagements were conducted
using the aircraft's simulated Hellfire training missiles by
the CPG using the TADS and LRF/D in a normal lock-on-before-
launch mode with autonomous target designation.

AH-64A CMS test procedurecr. The CMS scenario was used
to test the gunnery performance of all crews after the
initial live-fire exercises and again after the final live-
fire exercises. The CMS was used in the integrated mode both
for testing and training gunnery performance. The CMS
gunnery performance test was conducted for both day and night
conditions during a 1.5-hour simulator period.

Each crew arrived at the simulator facility 30 to 40
minutes before the scheduled simulator session. When the
crew arrived, the I/O gave them a copy of the situation
sheet, a tactical map, a contour chart, and a communications
frequency list. The crews were then allowed to plan the
mission before the simulator session began; they could obtain
assistance from the I/O, if necessary.

Each crew began the scenari. in a holding area and flew
to the first firing position under the direction of the
scout, who was played by the I/O. From the first firinq
position, the crew fired missiles, rockets, and 30 mm rounds
at different targets. The scout then directed the crew to
move to another firing position, where the crew engaged other
targets using the missiles and rockets. Subsequently, the
scout directed the crew to move to a grid point. When the
crew arrived at the grid point, the scout direkted the crew
to proceed cautiously in the direction of another grid point
to assist in locating a downed friendly aircraft. As the
aircraft traveled through the lowland route, the scout called
for the crew to suppress a target using the 30 mm gun. When
the aircraft arrived at the second grid point, the scout
instructed the crew to turn around and make another
reconnaissance pass over the lowland route and to engage the
target again using the 30 mm gun. After completing the
engagement, the s&-out directed the crew to proceed to another
highland battle porstion, where a final missile target was
engaged.

After the crews completed the scenario under day
conditions, they repeated it under nighL conditions. When
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the test session was completed, the crew reviewed their
performance with the I/O and returned the test materials.
The time required for each test session was approximately 2.5
hours.

The CMS VRS was used during the test to record all
engagements. During each test, the I/O directed the crews
through the scenario by acting as the scout. He did not
provide any instruction or performance feedback to the crews
during the CMS test. As each target was engaged, the summary
of the ownship gunnery performance, generated by the CMS, was
printed by the researcher.

Experimental group training procedures. After the
initial live-fire exercise and CMS test, the squadron and
brigade SIPs were instructed to continue the normal unit
training of the simulator group aviators, with the following
three exceptions. First, the simulator group aviators were
restricted from participating in any live-fire gunnery
practice in the aircraft. Second, they were instructed to
complete the Postflight Debriefing form after each flight in
the aircraft, CMS, or CWEPT and to submit the completed forms
periodically to the on-site researcher. Third, they were
required to attend five gunnery training sessions in the CMS
before the final live-fire exercise.

The experimental group's gunnery training was conducted
exclusively in the CMS. The procedures for training crews in
the CMS were similar to those used in the CMS gunnery tests
with two exceptions. First, the VRS was not used during CMS
training. Second, the I/O aided and instructed the
crewmembers as necessary during the mission.

Control group training procedures. After the initial
live-fire exercise and CMS test, the squadron and brigade
SIPs were instructed to continue the normal unit training of
the control group aviators, with the following two
exceptions. First, the control group aviators were
restricted from gunnery practice in the CMS, but they were
allowed to use the CMS for instrument and emergencies
procedures training. Second, they were instructed to
complete the Postflight Debriefing form after each flight in
the aircraft, CMS, or CWEPT and to submit the completed forms
periodically to the on-site researcher. Except for the
initial and final gunnery tests, the researchers had no
direct contact with the control group aviators.
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Monitoring Procedures

The use of the CMS was the only training activity under
the experimental control of this research. However, there
are several other training activities that could
significantly affect crew gunnery performance. Differential
use of other forms of gunnery training by the two groups
could confound the results of the research. Therefore,
participation in JAAT training exercises and the use of the
aircraft, the CWEPT, and the TADS Selected Task Trainer
(TSTT) were monitored over the course of the research to aid
in the interpretation of the results. Squadron operations
officers provided information about major gunnery training
activities (e.g., JAATs). The Army aviator flight records
(Form 759) were reviewed after the initial and final live-
fire exercises to measure the amount of AH-64A flight time.
Finally, the on-site researcher obtained the number of hours
that the participating aviators used the CWEPT and TSTT from
a computer data base maintained by personnel at the simulator
facility.

Measures of Effectiveness

Several measures of effectiveness (MOEs) were obtained
during the live-fire and CMS gunnery performance tests. When
more than one run was completed by a crew during the initial
live-fire exercise, the performance on the last run completed
was used. With the exception of engagement time, the MOEs
differed from one weapon system to another and from the live-
fire exercises to the CMS tests. Each of the measures and
their source are described in the following sections.

Engagement time. Engagement time was defined as the
time between when the crew acknowledged the target handover
and when they called weapons clear. The VRS was used during
the live-fire exercises and the CMS tests to record TADS
displays during each engagement. All engagement time
measures were obtained using hand-held stop watches and the
VRS videotapes after the exercises. The live-fire range and
CMS protocol were designed to utilize the 1-hour videotapes
efficiently and to provide objective start and finish events
to aid in measuring engagement time.

30 mm target effect. For the live-fire exercises, 30 mm
target effect was defined as the number of rounds that passed
through the BSS Doppler fan and landed in the target effect
area (hits) divided by the total number of rounds fired from
the aircraft (shots). The number of hits was provided by the
BSS operator and the shots were obtained from the rounds
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counter on the VRS videotape of the engagements. Thus, the
hits/shots ratio is the percentage of rounds in the target
effect area or box.

Rocket target effect. For the live-fire exercises,
rocket target effect was defined for each 4-rocket engagement
as the mean distance from the target (miss distance). The
down-range miss distance and the cross-range miss distance
for each rocket impact was provided by the DSS operator. For
each rocket impact sensed by the DSS, the cross- and down-
range miss distances were used to compute the absolute miss
distance using the Pythagorean theorem. Because the DSS
demonstrated good sensitivity for rocket impacts out to
350 m, all rocket impacts that were not detected by the DSS
were assigned 500 m miss distances by the researcher.

Hellfire target effect. During the live-fire exercises,
the VRS videotapes were viewed immediately after each run by
the squadron SIP and evaluated using the brigade standard for
missile target kills. The information taken from the tapes
was used to evaluate proper mode selection, switch settings,
target acquisition, missile launch, and guidance. The
squadron SIPs recorded whether the target was killed on
brigade evaluation sheets.

CMS target effect. The ownship performance data sheets
generated by the CMS after each engagement were the source of
the target effect measures for 30 mm, rocket, and missile
performance in the simulator. For each weapon trigger pull,
the CMS calculated the mean miss distance for the rounds
fired. If any rounds from a trigger pull hit the target, the
mean miss distance was always zero. The mean distances for
each trigger pull were used to compute the mean miss distance
for each engagement by creating a rounds-weighted sum of miss
distance and then dividing by the total number of rounds
fired. In addition to miss distance, target impacts (kills)
were recorded for each engagement.

Results

The first major objective of this research was to
determine the effectiveness of the CMS for the sustainment of
crew gunnery skills. CMS effectiveness was determined by
analyzing the live-fire gunnery exercises, the CMS gunnery
test, and the other training activities.
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Live-Fire nunnery Performance TtaTe.st

The effectiveness of the CMS was directly tested by
comparing the performance of the training groups during the
pretest and the posttest live-fire exercises. Because the
simulator could have differential effectiveness across weapon
systems, the training effectiveness of the CMS was analyzed
separately for each weapon. Further, the training
effectiveness of the CMS was analyzed separately for measures
of target effect and engagement time to determine if the
simulator had a differential effect on the two aspects of
gunnery performance.

Two-factor repeated measures analysis of variance
(ANOVA) tests were conducted on each dependent measure.
Training (simulator vs. control) was analyzed as a between-
group variable. Trial (initial vs. final exercise) was
analyzed as a within-group, or repeated measures, variable.
In this ANOVA design, transfer of training is indicated by a
significant interaction between training and trial. Positive
transfer is indicated when the simulator group performs
better than the control group during the final exercise.
Ideally, the gunnery performance of both groups would be
equivalent at the initial live-fire exercise (matched groups)
and differ at the final live-fire exercise. A trial main
effect would indicate significant changes in the performance
across trials unrelated to training group. A training main
effect indicates a lack of equivalence between the groups
across trials.

The results from the six live-fire analyses (three
weapon systems by two measures) are presented in the
tollowing paragraphs. All of these analyses were initially
conducted separately for day and night. In no case, however,
did the trends found for day or night differ from the
combined trends. To simplify the presentation of the
results, only the analyses of the data combined across day
and night aze reported.

Finally, for each of the analyses presented below, the
gunnery performance measures are graphed. Each graph
displays the mean and one standard error of the mean (plus
and minus) for each training group during the initial and
final live-fire exercises. The standard error of the mean
quantifies the variability in the data and, when graphed,
provides a visual indication of the differences in the
individual scores and the significance of the differences
between the means. Means with standard error bars that
overlap are generally not significantly different from one
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another; means with nonoverlapping error bars usually differ
significantly.

Engager.ient time. The times for the 30 mm gun and
Hellfire missile engagements were similar and averaged 69 and
66 seconds, respectively (see Figures 7 and 8). In contrast,
the rocket engagement times were substantially longer,
averaging 159 seconds per engagement (see Figure 9). This
difference was the result of the requirement that each of the
four rockets in each engagement must be fired individually.
The standard errors of the mean are shown as vertical bars in
all the figures.

There were no significant interaction effects for any of
the engagement times, but there were differences in the
trends shown for the three weapon systems. The engagement
times for the 30 mm gun (see Figure 7) indicate that the
simulator group improvement was slower than the control group
improvement over the course of the experiment (i.e., negative
transfer). However, both the missile and rocket data
demonstrate a trend toward positive CMS transfer (see Figures
8 and 9).
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Figure 7. The irean 30 mm engagement time ± 1
standard ertor" during the initial and final
live-fi'e exercises as a function of training
group.
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Figure 9. The mean rocket engagement time + 1
standard error during the initial and final live-
fire exercises as a function of training group.
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There were significant improvements in both groups
between the initial and final live-fire exercises (i.e.,
trial main effect) for the 30 mm gun (E (1, 15) - 13.53,
R <.05) and the Hellfire missile (L (1, 15) - 11.80, R <.05).
This 15-second improvement may be due to the practice
received during the initial live-fire exercise or some other
non-CMS training that occurred between the initial and final
live-fire exercises. A similar improvement of 20 seconds in
the rocket data was not significant, however, probably
because of the large amount of variance within the groups
(see the standard error bars in Figure 9).

Overall, the engagement time data show no significant
effect on CMS training. The engagement data, however, do
demonstrate a consistent (m17%) improvement over the course
of the experiment.

Target effect. Averaged across firing points, the 30 mm
gun performance for all groups was approximately 50% (see
Figure 10). Though there were strong range-to-target effects
in the 30 mm target effect data (see Hamilton, 1991), there
were no significant CMS training effects. The performanc.e of
the simulator and control groups was almost identical during
the initial exercise, but the control group performed
slightly better than the experimental group during the final
live-fire exercise.

The mean miss distance for rockets varied from
approximately 350 m to 250 m during the experiment (see
Figure 11). The mean miss distance for the control group was
significantly better than the simulator group during both
exercises (1 (1, 15) -15.26, R <.05). However, the ANOVA
did not indicate a CMS training effect (i.e., trial by
training interaction). There was also a significant
improvement in mean miss distance of approximately 50 m from
the initial to the final live-fire exercises (E (1, 15) -
6.66, a <.05). This effect can probably be attributed to
improvements in rocket pod alignment techniques implemented
between the initial and final exercises (see Hamilton, 1991).

Finally, the Hellfire performance was quite hig;i: The
crews always scored at least 9 of the 16 possible missile
kills. Missile kill performance was nearly identical at the
initial exercise, but the control group performance was
slightly better than the simulator group performance during
the final live-fire exercise (see Figure 12). However, there
were no significant differences in the Hellfire missile
performance.
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Figure 10. The percentage of hits ± 1
standard error for the 30 mm gun during the
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Figure 11. The mean miss distance ± 1
standard error for the rockets during the
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function of training group.
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Figure 12. The percentage of judged target
kills + 1 standard error for the Hellfire
missiles during the initial and final live-
fire exercises as a function of training
group.

Overall, the live-fire gunnery range results show little
evidence of CMS training effectiveness in the simulator group
or of skill decay in the control group. There were several
examples of initial-to-final performance improvements, but
the trends were not related to CMS training.

CMS Gunnery Performance Test

The analysis of the effect of simulator training on
gunnery performance in the CMS was conducted using the same
ANOVA design used for the live-fire data. Examination of the
differential performance in the CMS is a test of training
effectiveness as opposed to simulator effectiveness. The
control group was expected to show some skill decay; the
simulator group was expected to show some skill enhancement.

As in the live-fire analyses, engagement time and target
effect measures (mean miss distance and number of target
kills) were analyzed separately for each weapon system. The
target effect measures generated by the CMS art classified
and cannot be reported in detail. However, the overall
trends found during these analyses are sufficient to evaluate
the effect of the simulator training on simalator
performance.
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Overall, there were no significant effects at the R <.05
level for nine ANOVAs (3 weapons by 3 measures), but the
gunnery performance trends in the simulator were more
consistent than those found in the live-fire exercises.
Gunnery performance of the simulator group improved for each
of the measures across all weapons systems and, with one
exception, improved by a greater amount than the control
group. Moreover, some indication of skill decay was found in
the control group for both rocket target effect measures.

Other Training Activities

Data were collected and analyzed for differential use by
the two training groups for four types of training: JAAT,
aircraft, CWEPT, and TSTT. The aviators were instructed to
complete a Postflight Debriefing form after every training
activity, but they were very inconsistent in complying with
this requirement. As a result, the information about non-CMS
training activities is drawn only from more reliable sources.

First, the unit involved in the research participated in
a JAAT training exercise at Fort Hood, Texas, 2 months before
the final live-fire exercises. Four of the control group
crews participated in the training, but no additional
information is available about the type or amount of training
they received. Second, the mean flight hours per crewmember
during the experimental period were larger in the control
group (•oCMS - 127, 5Z - 10.7) than the simulator group
(•Ms = 101, JE - 8.0), but the differences wcre not
statistically significant. The greater number of aircraft
flight hours in the control group may be partially attributed
to the JAAT exercise.

Third, CWEPT records indicated the participating crews
did not use the device very often and there was no
statistically significant difference between the average
number of hours each group used the device (4.OcMS - 1.31, -
.368; k•s - 1.25, SE -. 829). Finally, a TSTT training device

was available to participating crews during the initial
stages of the research, but it was removed approximately 3
months before the final live-fire exercises. Discussions
with personnel managing the device again indicated little or
no use of the device by the participating crews.
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Discussion

The first major objective of this research was to
determine the effectiveness of the CMS for the sustainment of
crew gunnery skills. The f-fectiveness of the CMS was
directly tested by measurirg 'ie differential performance of
the training groups betweer the initial and final live-fire
exercises. The results ot these tests can be summarized in
three statements.

First, after five gunnery training sessions in the CMS,
the simulator crews did not have significantly better
engagement time or target effect performance when compared to
the control group. Second, the results of the initial and
final CMS gunnery performance tests showed consistent but
nonsignificant performance improvements in the simulator
group. Third, there were no significant differences in the
other training practices of the simulator and control group
aviators. Though these findings appear to indicate that the
CMS is ineffective in sustaining gunnery skills, a number of
factors should be considered before drawing final conclusions
from the research results.

The best demonstration of training effectiveness for
skill sustainment is for the control group to show skill
decay while the simulator group maintains their skill level.
The results of this research show no sign of skill decay by
the control group. Indeed, the performance of the control
group improved in many instances over the course of the
research. As anticipated in the design considerations, a
measurable loss of skill in the control group would be
required to demonstrate skill sustainment, and thus, CMS
training effectiveness.

The primary reason that skill decay was not observed in
the control group is probably he short time span of the
research. The minimum lenc':. of time for aviator skill decay
has been shown to be at least 6 months (Ruffner & Bickley,
1983; Ruffner, Wick, & Bickley, 1984). However, appreciable
skill loss probably occurs sometime between 6 months and a
year for aviators not engaged in any form of gunnery
training. Skill decay in the control group may also have
been minimized by factors such as participation of the
control group in the JAAT training exercises, aircraft dry-
fire exercises, tlU initial CMS test, or simple mental
rehearsal.
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Skill Enhancement

An alternative method of demonstrating training
effectiveness for skill sustainment is for the simulator
group to show skill enhancement while the control group
maintains their skill level. The research results
demonstrate that CMS training over a 6-month period was not
sufficient to make the simulator group's skill measurably
better than the control group's. This finding probably
indicates that the participating aviators were highly
proficient when the research began. Ironically, the high
level of gunnery proficiency may be the result of a
successful unit training program that included the fielding,
staffing, and effective use of CMS facilities in the unit.

Another explanation of the lack of skill enhancement may
be that the measures of effectiveness were not sufficiently
sensitive to detect increases in the aviator's gunnery
proficiency. Sensitive measures are difficult to identify
because of the amount of variability introduced by random
variables such as different aircraft, aircraft maintenance,
and weather. Nonetheless, the results from other analyses
conducted to evaluate the AH-64A gunnery standards indicate
that the performance measures were sensitive to several
factors other than aviator training, including changes in
range to target and differences in aircraft weapons
maintenance procedures (see Hamilton, 1991). As a result,
the lack of skill enhancement is more likely attributable to
high initial skill levels than to insensitivity in the
ii.easures of effectiveness.

Conclusions

The results of this research support three conclusions
related to the first objective of this research, to determine
the effectiveness of the CMS for sustaining crew gunnery
skills. First, this experiment found no significant positive
or negative transfer of training from the CMS to the live-
fire gunnery range. Thus, the training effectiveness of the
CMS to sustain crew gunnery skills remains equivocal.

Second, the gunnery proficiency of operational AH-64A
aviators is at or near an asymptotic level of performance.
For this reason, the CMS did not substantially improve
aviator performance during the 6-month period of this
experiment. However, there is no evidence that monthly CMS
training produces any negative transfer to the aircraft.
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Third, the restriction from CMS training was
insufficient to bring about skill decay in the control group
over the 6-month period of this research. Although previous
research indicated that skill decay could occur within 6
months, there was no evidence of skill loss in the control
group during the final live-fire exercises. Thus, current
levels of aircraft and other forms of gunnery training are
sufficient to maintain crew gunnery skills in proficient
aviators for up to 6 months without the aid of CMS training.

The second objective of this research was to provide
data to establish an optimum combination of aircraft and
flight simulator training for the sustainment of crew gunnery
skills. Because the research did not establish the benefits
of short term CMS training or the critical period for gunnery
skill decay, the obtained data are insufficient to determine
the optimal use of the CMS for gunnery training of
operational aviators.

Recommendations

Until additional empirical data can be obtained, the CMS
should remain an integral part of operational gunnery
training. The results indicate that if aircraft hours and
other gunnery training (e.g., JAATs) are funded at the levels
observed in this research, the critical period for gunnery
skill decay in proficient aviators is 6 months or longer.
Thus, CMS gunnery training may be required only biannually.
Nevertheless, a more conservative quarterly CMS gunnery
training may be advisable, especially when the participating
aviators may have benefited from the initial live-fire and
CMS gunnery tests. However, if the support for aircraft
hours and other gunnery training exercises is reduced,
gunnery skills may decay in less than 6 months unless CMS
training is increased. In fact, there is no statistically
significant evidence of negative transfer when CMS gunnery
training is conducted on a monthly basis.

Research Limitations

As with any research, the application of the results of
this experiment is limited by the conditions under which they
were obtained. Although there are others, the four major
limitations brought about by the selection of sustainment
training, gunnery training, crew training, and the measures
of effectiveness are discussed in the following paragraphs.
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First, the research was designed to measure the training
effectiveness of the' CMS for sustaining skills. As such, it
produced information pertinent to unit sustainment training
but not to the acquisition of skills. Thus, the five CMS
training sessions that did not produce positive transfer to
the aircraft for proficient aviators might significantly
improve the performance of unskilled aviators. Second, the
research focused on gunnery skills; different results may be
obtained for other skills such as instrument flight and
emergency procedures.

Third, the research addressed only the crew level of
gunnery training. The Army has structured the gunnery
training of its aviators in a logical progression from the
acquisition of individual skills, through crew skills and
coordination, to team skills and coordination. The
effectiveness of the CMS may be different for the other
levels of gunnery training.

Fourth, the MOEs used in this research further limit the
generalizability of the results. Although speed and accuracy
are classic measures of gunnery skill, many other skills are
critical to the success of helicopter gunnery missions. One
example is the identification, selection, and use of terrain
to mask the helicopter from enemy threat. Because the
criterion for selecting firing points on the gunnery range
and for selecting battle positions during a gunnery mission
differ significantly, appropriate terrain masking techniques
were not emphasized during this research project. However,
terrain masking is a tactical gunnery skill that the CMS may
be effective in training.

Future Research

The costs of AH-64A gunnery training resources (e.g.,
flight and range time, ammunition) have increased the Army's
dependence on flight simulators for training that was
previously accomplished in the aircraft. Most Army aviators
are required to accomplish a portion of their annual flight
requirements in a flight simulator. Furthermore, the trend
toward substituting simulator training for aircraft training
is likely to continue as resources become more expensive and
simulator technology becomes more advanced.

The Army has not based the deployment or utilization of
flight simulators on empirical training effectiveness data
that relate to the acquisition or sustainment of gunnery
skills. In fact, individual unit commanders are responsible
for determining the mix of aircraft, simulators, and other
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training devices that make up their training program. Even
when two or more units share the same simulator site, there
are differences in the ways that units use the flight
simulators. Decisions about the trade-off between aircraft
and simulator time should be based on empirical
demonstrations of the simulator's effectiveness for training
specific tasks. Commanders could use this information to
develop training programs that achieve their training goals
and maximize the utilization and effectiveness of the
training resources available.

This research represents an initial step toward
empirically determining the effectiveness of the CMS for
satisfying the gunnery training requirements of operational
aviation units. The results of this research add
significantly to the knowledge base about the time course of
AH-64A gunnery skill decay and sustainment in operational
units, but many questions remain to be answered.

Thus, further investigations of gunnery skill decay in
proficient aviators should be conducted over a longer period
of time, such as 12 to 18 months. The research should be
designed to establish the relative effectiveness of each of
the alternative training devices currently available to
operational units for sustaining gunnery skills. If
sufficient control can be maintained during the proposed
research, the information necessary to design an efficient
training strategy could be determined.

Because good gunnery and tactical skills affect crew
survivability, research that requires the significant loss of
those skills may be unethical. In the design of future
research, control groups should be identified whose lives
would not be endangered by a discontinuation of gunnery
training (e.g., aviators retiring from active duty, aviators
assigned to nonflying duties).

Finally, future research should be given adequate
fiscal, personnel, and operational support. The utility of
the current research was severely limited by crew attrition
and scheduling problems that must be resolved before
satisfactory data can be obtained to address questions about
sustaining AH-64 gunnery skills.
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APPENDIX A

AH-64 CMS GUNNERY RESEARCH PROGRAM
DEMOGRAPHIC SURVEY

6th CAVALRY BRIGADE-AIR COMBAT (CBAC)

PART A INSTRUCTIONS: Part A consists of questions that provide
information about your personal background and experience. Answer each
item that applies to you by checking in the appropriate bracket [ 4 1 or by
printing the required inforr° :-ion in the space provided. When answering items
about flight hours, you may afer to records, if available, or you may e-timate the
flight hours as closely as possible. Your responses will be used for research
purposes only.

1. Name:

Last First Middle

2. Social Security Number:

3. Today's Date:
(Month) (Day) (Year)

4. What is your age ?
Years

5. What is your current rank?

WO1 [ 2LT
[ CW2 [ ] 1LT

[]CW3 []CPT
[]CW4 []MAJ

[] LTC
[W COL

6. To which unit are you assigned?
Unit: -_ Squadron ._ Troop

7. How long have you been assigned to your present troop?
years and . - months
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8. Do you anticipate reassignment prior to October 1990?
[] Yes
T []No

If yes, give expected date and location of reassignment

9. Currently, what is your primary duty position in the unit?

10. What additional duties do you perform in your unit?

11. How long have you been on active duty military service?

years and months of active service

12. How long has it been since you graduated from initial Army flight
training?

years and ... months

13. How long has it been since you graduated from the AH-64 AQC?

years and -. _months

14. Were you an IERW turnaround student in the AH-64 AQC?
[ ]Yes

[ No

If no, what was your primary aircraft before entering the AH-64 AQC?
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15. Indicate the total number of flight hours you have logged in each of the
following aircraft. Also, check [ ] the highest duty category you have
held in each aircraft.

a. Military Rotary Wing
PI PC UT IP SI IE

AH-64: . hours [ [ ] [ [ [ [ ]
AH-1: hours [ [ ] ] I [ [ ]
OH-58: hours [ [ ] ] ] [ [ ]
UH-1: hours [ [ ] ] C [ [ ]
Other: hours [ I ] ] [ [ [ ]

(Specify other aircraft)

b. Military Fixed Wing
UH-21: hours [ ] ] [ ] [ ] [ ] I ]
C-12: hours [ ] [ ] [ ] [ ] C ]

OV-1: hours [ ] ] [] [ ] ] [ ]

Other: hours [ [ ] [ ] [ ] [ ] C
(Specify other aircraft)

16. How many flight hours have you logged in each seat of the AH-64?
Front Seat: hours

Back Seat:_ __ hours

17. How many flight hours have you logged in each seat of the AH-64 CMS?
Front Seat: hours
Back Seat: hours

18. How many flight hours have you logged in each seat of the AH-64
CWEPT?
Front Seat: hours

Back Seat: hours

19. How many flgl flight hours have you logged in each seat of the AH-64?
Front Seat: _ hours

Back Seat: hours
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20. If you were an AH-I pilot previously, how long has it been since you
completed the AH-1 Crew Gunnery Tables?

years and - months

21. After arriving at your present unit, what was your original crew station
designation?
[ ] AH-64 front seat

AH-64 back seat
[ Other (explain)

22. How many training hours were required for you to attain RL2 and RL1
status in your originally designated seat? (Check here [ ] if you did
rot attain RL2 or RL1 in your originally designated seat.)

flight hours to RL2 from RL3
C__ MS hours to RL2 from RL3
flight hours to RL1 from RL2
C__ MS hours to RL1 from RL2

23. What is your current crew station designation?
[ ] AH-64 front seat
[ ] AH-64 back seat
[ ] Both seats (explain)

24. What is your current Readiness Level?
RL Front RL Back
[ J RL1 in the front seat [ ] RL1 in the back seat
[ ] RL2 in the front seat [ ] RL2 in the back seat
[ J RL3 in the front seat [ ] RL3 in the back seat

25. Excluding IP evaluations, how many crewmembers have you flown with
since entering the 6th CBAC?

crewmembers

26. Have you been assigned to a fixed crewmate?
[ ]Yes
[]No
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27. If you are a member of a fixed crew, how many hours has your crew
trained together?

flight hours

CMS hours

28. How many of your flights, if any, have been delayed or rescheduled due
to the unavailability of an appropriately trained (i.e., current In the
required seat) crewmate?

flights have been delayed or rescheduled

29. How many times have you participated In gunnery exercises at the
Dalton/Henson range complex?

times flying the AH-64A
times flying other aircraft
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8th CAVALRY BRIGADE-AIR COMBAT (CBAC)

PART B INSTRUCTIONS: Part B consists of questions that provide
information about your experience Nith the AH-64 optical systems. The
questions ask for both objective and subjective Information. Answer each item
that applies to you by checking in the appropriate bracket [ 1 J or by printing
your answer in the space provided. This information will be treated as highly
confidential; individual responses will not be seen by anyone except the
research staff.

30. In the back seat, how often do you optimize your PNVS FLIR?
[ ] Only during preflight checks
[ ] Rarely during flight
[ ] Occasionally during flight
[ ] Frequently during flight

31. In the front seat, how often do you optimize your TADS FLIR?
[ ] Only during preflight checks
[ ] Rarely during flight
[ ] Occasionally during flight
[ ] Frequently during flight

32. In the back seat, to what extent does the flight symbology !nterfere with
your ability to see terrain features during NOE flight?

Not at all
[ Slightly

[ ] Moderately
[ Agreatdeal

33. In the front seat, to what extent does the TADS weapons symbology
interfere with your ability to see targets?

[ Not at all
I ] Slightly

Moderately
[ ] A great deal
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34. How difficult Is It to read the numbers on the helmet-mounted display?
[ Not at all difficult
[ Slightly difficult
[ Moderately difficult
J Very difficult

[ Extremely difficult

35. How much practice is required to handover targets proficiently between
crewmembers using the flight and weapons symbologles?
[ ] Only Initlal practice

[ Occasional practice
J Frequent practice
[ Constant practice

36. In your opinion, how likely are there to be misinterpretations of the
different symtb1ogles on the PNVS and TADS as a result of changing
crew stations?

[ Not at all likely
] Slightly likely
] Moderately likely
I Very likely
] Extremely likely

37. list the three flight symbols that interfere most with the IR Imagery.

38. List the threo weapons symbols that Interfere most with the IR Imagery.

39. In the front seat, what percentage of your time during traveling flight do
you spend monitoring the PNVS?

percent monitoring the PNVS
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40. In the back seat, what percentage of your time during traveling flight do
you spend monitoring the TADS?

percent monitoring the TADS

41. In the back seat, what percentage of your time during target
engagements do you spend monitoring the TADS?

percent monitoring the TADS

42. At the end of the AQOC, how proficient were you in using the PNVS to fly
the AH-64?
[ ] Minimally proficient

[ Marginally proficient
] Moderately proficient
] Highly proficient

Extremely proficient

43. At the end of the AQC, how proficient were you in operating the TADS?
] Minimally proficient
3 Marginally proficient
3 Moderately proficient
] Highly proficient
] Extremely proficient

44. Currently, how proficient are you in flying with the PNVS?
] Minimally proficient
] Marginally proficient
] Moderately proficient
] Highly proficient
] Extremely proficient

45. Currently, how proficient are you in operating the TADS?
] Minimally proficient
3 Marginally proficient
] Moderately proficient
3 Highly proficient
] Extremely proficient
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6th CAVALRY BRIGADE-AIR COMBAT (CBAC)

PART C INSTRUCTIONS: Part C consists of questions that provide
information about your personas opinions and preferences. Answer each item
that applies to you by checking In the appropriate bracket [(4] or by printing
your answer in the space provided. This Information will be treated as highly
confidential; Individual responses will not be seen by anyone except the
research staff.

46. Which crew station was most difficult for you to learn during the AQC?
[ ] Front seat

] Back seat
] Both seats were equally difficult

47. At the end of the AQC, in which seat did you prefer to be designated if
you had to be assigned to only one seat?
r ] Front seat

] Back seat
[ ] Both seats preferred equally

48. Currently, in which seat would you prefer to be designated if you had to
be assigned to only one seat?
[ ] Front seat
[ ] Back seat
[ ] Either seat would be preferred equally

49. Rank order the factors that you believe were considered in making your
seat designation. (Put a "I" beside the most important, a "2" beside the
next most important, etc. until all factors have been ranked. Put a "0"
beside any factors that were not considered. Other than 00,0 do not use
the same number twice.)

. Needs of the unit (front/back seat manning requirements)

Unit policy (e.g., assign all new personnel to front seat)
Personal capabilities in the AH-64 as formally evaluated by
the unit
Personal capabilities in the CMS as formally evaluated by
the unit
Personal capabilities as evaluated during the AQC
Personal preferences
Recommendations of unit aviators who knew my capabilities
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50. How profciently could you perform if you were required to occupy your
nondesignated crew station in an emergency? (if you are current in both
seats, indicate which seat you occupy least often:
then rate your proficiency In that seat.)

] Not proficient--mission could not be accomplished
[ Minimally proficient
] Marginally proficient
] Moderately proficient
] Highly proficient
] Extremely proficient

51. In your opinion, how many hours of refresher training would be required
for you to attain RL2 and RL1 status in your non-designated seat?

flight hours to RL2 from RL3
CMS hours to RL2 from RL3
flight hours to RL1 from RL2
CMS hours to RL1 from RL2

52. How adequate is your semiannual familiarization training in the opposite
seat?
[ ] Highly .
[ ] Moderately jina.degquLate
[ ] Marginally iadie.qat

[ ] Marginally adequate
[ ] Moderately adequate
[ ] Highly adequate
[ ] More than adequate

53. To operate effectively as an AH-64 crew, how important is it that you train
regularly with the same crewmember?

[ Not at all important--the crew only need to be proficient in their own
seat

[ ] Slightly important--ht Is helpful to know how the other crewmember
will perform

[ ] Moderately important--regular crew training facilitates crew
coordination

[ ] Highly important--regular crew training may affect mission success
[ ] Extremely important--regular crew training is critical to mission

success
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54. How often do you verbally crosscheck your crewmate to ensure he has
completed a prescribed task before you proceed with your tasks?

[ ] Almost never

[ Infrequently
I Occasionally

[ ] Frequently
] Almost always

55. Use the following scale to rate the amount of crew communication that is
required to perform the mission segments that are listed below, If the
crewmembers have never flown together before.

1 2 3 4 5 6 7 8 9
I I I I I I I I I

No Crew Little Crew Moderate Crow High Crew Constant Crew
Communication Communication Communication Communication Communication

a. Preflight planning and checks

b. Takeoff and departure

c. Enroute in contour flight (day)

d. Enroute in NOE flight (day)

e. Enroute in contour flight (night using PNVS)

f. Enroute in NOE flight (night using PNVS)

g. Target acquisition (day)

h. Target acquisition (night)

i. Target engagement (day using HELLFIRE)

j. Target engagement (night using HELLFIRE)

k. Target engagement (day using rockets)

I. Target engagement (night using rockets)

M. Target engagement (day using 30 mm)

n. Target engagement (night using 30 mm)
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56. Use the following scale to rate the amount of crew communication that is
required to perform the mission segments that are listed below, if the
crewmembers have trained together as a fixed crew for six months.

1 2 3 4 5 6 7 8 9I I I I I I I I I
No Crew Little Crew Moderate Crew High Crew Constant Crew

Communication Communication Communication Communication Communication

a. Preflight planning and checks

b. Takeoff and departure

c. Enroute in contour flight (day)

d. Enroute in NOE flight (day)

e. Enroute in contour flight (night using PNVS)

f. Enroute in NOE flight (night using PNVS)

g. Target acquisition (day)

h. Target acquisition (night)

i. Target engagement (day using HELLFIRE)

j. Target engagement (night using HELLFIRE)

k. Target engagement (day using rockets)

I. Target engagement (night using rockets)

m. Target engagement (day using 30 mm)

n. Target engagement (night using 30 mm)
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57. Use the following scale to rate the effectiveness of the CMS and CWEPT
in training field unit aviators in each seat.

1 2 3 4 5 6 7 8 9
I I I I I I I I 1

Not Slightly Moderately Highly Extremely
Effective Effective Effective Effective Effective

a. CMS training in the front seat

b. CWEPT training in the front seat

C. CMS training in the back seat

d. CWEPT training in the back seat

58. How many semiannual flight hours do you believe you would need to
maintain proficiency in the front seat?

flight hours
CMS hours

59. How many semiannual flight hours do you believe you would need to
maintain proficiency in the back seat?

flight hours

C__ MS hours

60. How many semiannual flight hours do you believe you would need to
maintain proficiency in both seats (duai seat currency)?

flight hours
CMS hours
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APPENDIX B
POSTFLIGHT DEBRIEFING

AH-64 CMS POST FIELDING TRAINING
EFFECTIVENESS ANALYSIS

The following questions refer to the flight that you have just completed and should be answered
as soon after the flight as possible. Read each Item carefully and answer by checking [ -4] the
appropriate box or by writing in the space provided. Respond to all questions. Regardless of
the crew station you occupied, you are to complete one of thea forms each time you fly In an
AH-64A aircraft, the Combat Mission Simulator (CMS), or the Cockpit Weapons and Emergency
Procedural Trainer (CWEPT).

1. What was the date of this flight?

2. What is your full name and rank?

3. What is the other crewmember's full name and rank?

4. To w-ich unit are you assigned? Circle the appropriate designation.

Squadron: 1/6 3/6 4/6
Troop: HHT A B C

5. Which crew station did you occupy during this flight? i[ ] Pilot 2[ ] CPG

6. Were you the PC for this flight? I [ ] Yes 2[ ] No

7. What was the primary mission of this flight? [check one]

1 [ ] Satisfy requirements of individual aircrew training program
2[ ] Satisfy requirements of crew training program
3 [ ] Battle drill
4[ ] Border mission
s [ 5 Checkilde (specify type)
6[ ] Other (specify)

8. Did more than one aircraft fly on this mission? I ] Yes 2[ ] No
If yes,
a. How many OH-58s?

b. How many AH-64s?
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9. During this flight, how much flight time did you log? hours

10. During this flight, how much Night time did you log under the following flight conditions?

a. Day hours d. Terrain _ hours

b. Hood hours e. System _ hours

c. Night hours f. Weather hours

11. During this flight, how much flight time did you log under the following flight modes:

a. Contact ___._ hours f. Low-Level hours

b. Tactics hours g. Contour hours

c. Gunnery hours h. Formation hours

d. NOE hours i. Admin. hours

e. Other (specify) hours

12. Did you receive target handovers from another aircraft? 1[ 1 Yes 2[ ] No

If yes, how many? target handovers

13. Was this flight in the AH-64, CMS, or CWEPT?

1[ ] AH-64

2[ ] CMS
3 [ ] CWEPT

14. Enter below the number of rounds fired during the flight.

WEAPON ROUNDS

SYSTEM Live Dry-Fire Simulated

30mm

Rockets

HELLFIRE
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15. In the following table, document the number of times that you practiced specific gunnery
tasks on this flight. In the row for each gunnery task that you practiced, enter the number of
times you employed each (a) sight system, (b) method of range determination, (c) aircraft
mode, and (d) target mode. Include the tasks practiced by both crewmembers on
this flight, not just yourself. If neither crewmember practiced a specific task, enter zero
across the row so that each block contains a response. This table must be completed every
time you fly in the AH-64 or CMS.

SIGHT RANGE AIFKRAFT TARGET
SYSTEM METHOD MODE MODE

WEAPON
SYSTEM |

IHADSS TADS COOP LRF Mmual Hand Hovw Ruw Statin MIoving
G P G Over ning -my

30MM

Rockets

HELLFIR
E
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APPENDIX C
INSTRUCTOR/OPERATOR SITUATION AND

TARGET HANDOVER SHEETS

INSTRUCTOR/OPERATOR SITUATION

REFERENCE: SPECIAL MAP, TODENDORF 1:50,000, REPRODUCTION
1:100,000

CONDITIONS: DAY/PNVS

DURATION: 1.5 HR

SEQUENCE OF EVENTS:

(a) Brief crew as to the conduct of the exercise. Emphasize
that weapon selection will be directed by the Scout
(Instructor), which is not the norm.

(b) ARI/Instructor will gather the information on page _ for

data collection by crew.

(c) Hostility interrupt will be on.

(d) Crew will conduct day mission, then conduct the same
mission under PNVS.

(e) Target engagements will be moving targets from a hover,
stationary targets from a hover, and moving targets with
the aircraft running fire.

CONDUCT OF ,,'HE OPERATION:

(a) Initialize trainer to IC, set 126, insert TEE 318. (Stop all
movement of targets.) Crew conducts boresighting
(IHADSS and TADS), inserts doppler, present position, and
firing points 1 and 2.

(b) Doppler: PPGS (Holding Area) VK86507202; Firing

Position 1 - VK84537290; Firing Position 2 - VK84217268.

(c) Crew calls Scout ready.

(d) Move from .he holding area to Firing Position 1, BP 22.
Give three target nandovers

(e) Move to Firing Position 2, call set.
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(f) Move from BP 22 on heading 2100 to grid 8369.

(g) Turn right, fly heading 0300 to grid 8576. Continue heading

to grid 8576.

(h) Turn left to heading 2100, return to BP 22.

(i) Return to holding area.
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SCENARIO: TARGET HANDOVERS

(A) FIRING POSITION 1

TGT 1 Type = 2 T-80 Tanks, Moving South
Azimuth - 0200
Range = 7000- 5000 m
Method a Hellfire (LOAL HI, LOBL), CPG, TADS

TGT 2 Type = BMP Stationary
Azimuth = 0150
Range = 4200 m
Method - 2.75, COOP, 4 engagements, I pair each

TGT 3 Type = ZSU Stationary
Azimuth = 0100
Range = 3900 m
Method = 30 mm, CPG, TADS, 20 rounds

(B) FIRING POSITION 2

TGT 1 Type = T-80 Tanks, Stationary
Azimuth = 2800
Range - 2800 m
Method = Hellfire (LOBL), CPG, TADS

TGT 2 Type = BMP, Stationary
Azimuth = 2750
Range = 2200 m
Method = 30 mm, PLT, IHADSS, 20 rounds

(CPG identify and give handover to pilot)

TGT 3 Type a BMP, Stationary
Azimuth = 2200
Range = 5800 m
Method = 2.75, COOP, 4 engagements, I pair each

(C) TRAVERSING LOWLAND ROUTE
TGT 4 Type a BMP, Moving North

Azimuth = 3150
Range - 2500-15u0
Method = 30 mm, CPG, TADS, 20 rounds
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TGT 5 Type - BTR-60, Moving North
Azlmulun - 2400
Range - 3000 - 2000 m
Method = 30 mm, CPG, TADS, 20 rounds

(D) FIRING POSITION 1

TGT 6 Type w T-80 Tank, Stationary
Azimuth - 2200
Range - 5000 m
Method - Hellfire (LOAL), CPG, TADS
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